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ABSTRACT
Evaluation of In Situ Biodégradation of Perchlorate in a Contaminated Site
by
Zhong Zhang
Dr. Jacimaria R. Batista, Examination Committee Chair 
Assistant Professor of Environmental Engineering 
University o f Nevada. Las Vegas
This thesis investigated parameters affecting perchlorate biodégradation in the 
Las Vegas Wash area in Las Vegas, NV. Perchlorate is known to interfere with the 
functioning of the thyroid gland of humans. Perchlorate concentrations along the Las 
Vegas Wash were found to range from zero to 1000 ppb, while perchlorate 
concentrations in the contaminated seepage were approximately 100 ppm. Microbial 
counts in 30 water samples from the Las Vegas Wash and the contaminated seepage 
indicated that indigenous perchlorate-reducing microbes are ubiquitous and present in 
reasonable numbers. In the contaminated area, natural perchlorate biodégradation seems 
to be limited by at least three factors: the absence of electron donors, the presence of high 
levels of nitrate, and high salinity levels.
Ill
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CHAPTER I 
STATEMENT OF THE PROBLEM
1.1 Introduction
Perchlorate (CIO4 ), a highly energetic compound that is extensively used for solid 
rocket propellant and explosive, has been detected in surface and ground water supplies 
throughout the United States. This compound is known to interfere with the functioning 
of the thyroid gland of humans. It is proven that perchlorate competes with iodine uptake 
by the thyroid gland, interfering with the ability of the thyroid to produce thyroid 
hormones required for normal body growth and development. In Henderson, Nevada, 
several wells have been highly contaminated due to the manufacturing of ammonium 
perchlorate and the discharge of perchlorate-containing wastes into unlined ponds. High 
perchlorate concentration (3700 mg/L) has been detected and the contaminant has seeped 
into the ground water and migrated to the Las Vegas Wash, Lake Mead and Colorado 
River, the drinking water source of millions of people in Nevada, California and Arizona. 
It is known that perchlorate is exceedingly soluble, therefore soils and sediment along the 
flow path of surface and ground water have also been contaminated. This contamination 
constitutes a constant distributed perchlorate source and poses challenge to remediation 
efforts.
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To date, research has focused on perchlorate removal from drinking waters using 
reverse osmosis, ion exchange, ozone/GAC and bioremediation techniques. Although 
perchlorate has been proven very biodegradable under anaerobic conditions, very little 
has been reported in the literature on the specific interactions of perchlorate with various 
environmental components (e.g., soil, microorganisms, plant). In addition, perchlorate 
biodégradation in natural environment has not been fully studied.
1.2 Objectives
This research investigates the biodégradation potential of perchlorate in a highly 
contaminated site in Las Vegas, NV. The site was contaminated by the discharge, into 
unlined ponds, of perchlorate-containing waters by the Kerr McGee and Pacific 
Engineering & Production Company of Nevada (PEPCON) companies. The natural 
biodégradation of perchlorate and the factors that limit the biodégradation process are 
examined in this research.
The specific objectives of this research are; (1) to explore the perchlorate 
distribution along the contaminated Las Vegas Wash area, (2) to examine the ubiquity of 
indigenous perchlorate reducing microorganisms in water around the contaminated site, 
(3) to investigate the role of limiting factors (carbon source, nutrient, salinity, etc.) on 
perchlorate biodégradation, and (4) to generate information about the potential o f in situ 
biodégradation of perchlorate at this site.
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CHAPTER 2 
LITERATURE REVIEW
2.1 Perchlorate Background
2.1.1 Perchlorate in the Environment
Perchlorate (CIO4I  originates as a contaminant in the environment from the solid 
salts of ammonium, potassium, or sodium perchlorate. Perchlorate compounds have been 
extensively used in the aerospace and chemical industries as solid rocket propellants and 
ignitable sources of munitions and fireworks. Solid rocket propellants can contain as 
much as 70% ammonium perchlorate as finely ground, crystalline particles dispersed in a 
polymer matrix (Urbansky, 1998; Urbansky and Schock, 1999). The mishandling of 
perchlorate at aerospace-related industrial sites and at perchlorate manufacturing facilities 
is the source of the perchlorate contamination recently discovered in surface and ground 
waters in the United States. The persistence of perchlorate in the environment and its 
deleterious effects on human health has raised concern over drinking water quality and 
possible environmental impacts of perchlorate. The U. S. Environmental Protection 
Agency (EPA) has recognized perchlorate as a potential health risk and set a provisional 
drinking water level of 32 ppb. The development of effective and efficient strategies for 
the remediation of perchlorate contaminated sites and wastes in groundwater is an area of 
intense interest.
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2.1.2 Health Effects of Perchlorate
Medical knowledge concerning perchlorate toxicity stems from its use as an anti­
thyroid agent in the treatment of Graves’ disease -  hyperthyroidism (Wenzel and Lente, 
1984). Due to its potential toxicity, perchlorate has been replaced by superior drug to 
treat hyperthyroidism (Cooper, 1991; Crooks and Wayne, 1960). Perchlorate exerts its 
most commonly observed physiological effects on or through the thyroid gland. Iodine is 
an essential element for thyroid frmction. In normal individuals, the thyroid gland takes 
up iodide ion from the bloodstream and converts it to organic iodide in the form of 
hormones that regulate human metabolism. However, because the ionic radius and the 
charge o f the perchlorate ion are very similar to that of iodine, perchlorate competitively 
blocks thyroid iodine uptake and simply takes up the space without incorporating it into 
hormones (Urbansky, 2000). At relatively high doses, perchlorate interferes with the 
thyroid’s ability to produce hormones and regulate metabolism. The primary effect is a 
decrease in thyroid hormone output (Wolff, 1998). In addition to the thyroid gland, 
perchlorate can directly affect organs and tissues as well. The mouse mammary gland has 
a mechanism similar to the thyroid iodide pump that is inhibited by perchlorate (Rillema 
and Rowady, 1997), however it is unclear whether this has any significance for human 
health (Lamm et al., 1999).
2.1.3 Perchlorate Contamination in the United States
In the United States, most perchlorate contamination is the result of discharge 
from rocket fuel manufacturing plants or from the demilitarization of weaponry 
(missiles). Potassium perchlorate can be used as a solid oxidant for rocket propulsion.
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and it was the original source for a fraction of the contamination. However, most of the 
contamination appears to have come from the legal discharge decades ago of the 
unregulated waste effluents containing high levels of ammonium perchlorate (Schilt, 
1979; Urbansky, 2000). Although ammonium perchlorate was released initially, the salt 
is highly soluble and dissociates completely to ammonium and perchlorate ions upon 
dissolving in water, and thus contributes to the current perchlorate contamination. In the 
United States, three states are substantially affected with perchlorate contamination: 
California, Nevada, and Utah. In California, perchlorate contamination is associated with 
the use o f ammonium perchlorate; while in Nevada, the contamination is associated with 
the manufacturing of perchlorate. In Utah, perchlorate contamination has been detected in 
groundwater wells on the property o f a rocket motor manufacturer. Alliant Techsystems. 
The perchlorate concentration ranges from 4 to 200 ppb. Arizona may also be affected 
since it draws water from the Colorado River.
2.1.4 Perchlorate Contamination in Nevada
In Henderson, Nevada, perchlorate was manufactured in the former Pacific 
Engineering & Production Company of Nevada (PEPCON) rocket fuel plant, which 
exploded in May 1988. It is believed that the heavily perchlorate-contaminated waste was 
disposed into unlined PEPCON ponds located within their property and may migrate 
through soils into groundwater nearby (Kleinfelder, 1993). In addition to the PEPCON, 
the Basic Management Industrial (BMI) complex, through the Kerr McGee Corporation, 
also disposed high perchlorate-containing waste into unlined ponds during the period of 
1945 to 1976 (Kleinfelder, 1993). Some of the perchlorate disposal ponds lie within 1000
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-  1500 feet from the Las Vegas Wash. At present, this is the major source o f perchlorate 
to the Las Vegas Wash based on the fact that about 10% of the Wash's flow is contributed 
by groundwater seepage through an alluvial channel located near BMI complex. Figure
2.1 illustrates the perchlorate contamination along the Las Vegas Wash area.
Figure 2.1 Perchlorate Contamination along the Las Vegas Wash Area
2.1.4.1 Perchlorate Manufacturing Process
To manufacture perchlorate, sodium chlorate is first produced by dissolving 
sodium chloride in water and submitting it to electrolysis. The brine solution from the 
electrolytic cells is subsequently crystallized to obtain pure sodium chlorate. A portion of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
this end product is re-dissolved and fed into secondary electrolytic cells for sodium 
perchlorate production. Figure 2.2 illustrates the process of perchlorate production.
NaCl, HCl, NaiCrzO?, SrCOj, NaOH, 
Diatomaceous Earth, Filter .Aid, 
Graphite, Soda Ash. Water, Urea
NaCl + HiO = NaClO, + H,
Electrolvsis
Sodium Chlorate
HCl, NaiCriOi, Cellulose Filter Aid, 
Diatomaceous Earth, Soda Ash, Water
NaClO, + HiO = NaC104 +
Electrolysis
Sodium Perchlorate 
Potassium Chlorate
NHj, HCl, NazCriOr, CaîOjP:. 
Cellulose Filter Aid, Diatomaceous 
Earth. Soda Ash. Caustic Soda
NaCl04 + KCI = KCIO4 + NaCl NaC104 + NH3 + HCl = NH4CIO4 + NaCl
Mixing/Heating
Potassium Perchlorate Ammonium Perchlorate
Figure 2.2 Perchlorate Manufacturing Process 
(Modified from Kleinfelder, 1993; KMCC. 1984)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8Using sodium perchlorate as the feed stock and mixing it with a hot potassium 
chloride aqueous solution, potassium perchlorate is formed immediately. The mixed 
solution is afterwards cooled down, and pure potassium perchlorate crystals can be 
recovered from a primary centrifuge.
Another primary perchlorate salt, ammonium perchlorate, is manufactured by 
reacting sodium perchlorate with anhydrous ammonia and hydrochloric acid. In a similar 
crystallization and centrifuge process, ammonium perchlorate crystals can be obtained. 
(Kleinfelder, 1993).
The annual manufacturing capacity of ammonium perchlorate in the PEPCON 
plant, before the explosion, was approximately 10,000 -  15,000 tons (Kleinfelder, 1993).
In the manufacturing of potassium perchlorate and ammonium perchlorate, a large 
amount of sodium chloride was accordingly generated (Figure 2.2). The discharge of this 
salt with perchlorate into the unlined ponds led to the high salt content in the wastes. 
Thereby, in addition to perchlorate, the Henderson contaminated site contains significant 
amounts of sodium, chloride, and Total Dissolved Solids (TDS). The total amount of 
available biodegradable carbon in the contaminated seepage water is very small (about
1.4 ppm as BOD). The total organic carbon (TOC) of the seepage is about 5.6 ppm. Table
2.1 summarizes the major constituents in the seepage water from the BMI area.
2.1.4.2 Characteristics of the Contaminated Sites in Henderson, Nevada 
Water samples taken 1000 ft (300 m) from PEPCON contain as much as 630 ppm of 
perchlorate (Urbansky, 2000; Rittmann and Najm, 2000; EPA, 1999; MELE, 1998). 
Wells near the site show concentrations ranging from 51.4 to 630 ppm (Urbansky, 2000;
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Rittmann and Najm, 2000; EPA, 1999). Samples drawn from 50 wells near ammonium 
perchlorate manufacturer Kerr-McGee Chemical Corporation, located about I mile ( 1.6 
km) from the abandoned PEPCON site, also showed very significant perchlorate 
contamination. The Kerr-McGee samples showed perchlorate levels as high as 3,700 ppm 
in the groundwater. Figure 2.3 presents the contaminated Kerr McGee well located near 
the Las Vegas Wash, aqueous samples from this well contained perchlorate as high as 
100 ppm (Zhang, et al., 2001). Currently, surface water samples taken from the Las 
Vegas Wash, which feeds into Lake Mead, have perchlorate concentrations between 500 
and 1,000 ppb (Zhang, et al., 2001). One sampling location in the Las Vegas Wash area is 
shown in Figure 2.4, and strong aeration was observed at most sampling locations. Lake 
Mead, which supplies Las Vegas with drinking water, has contained perchlorate 
concentration up to 1 0 - 2 0  ppb (EPA, 1999). The Southern Nevada Water Authority 
(SNWA) found 11 ppb perchlorate in the Las Vegas tap water (EPA, 1999; Urbansky, 
2000).
Table 2.1
Major Water Quality Parameters o f the BMI Seepage (Source: NDEP, 1999)
Parameter Concentration (ppb)
Ammonia-N 150 (J)
Chlorate 100.000
Chloride 2.000.000
Chromium (total) 620
Magnesium 252,000
Potassium 45.800
Perchlorate 310.000
Sodium 1.520.000
Strontium 11.200
Sulfate 1.950,000
pH 7.65
TDS 7.300.000
TOC 5.600
BOD 1.420
COD 140,000
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Figure 2.3 The Perchlorate-Contaminated Kerr McGee Well
Figure 2.4 The Las Vegas Wash at the North Shore Road Location in 2000
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II
Although there is no National Primary Drinking Water Regulation established for 
perchlorate at this time, the California Department of Health Services and the Nevada 
Department of Environmental Protection have established a provisional level for 
perchlorate in drinking water of 18 pg/L. In 1997, the US EPA enacted an interim level 
of 32 pg/L.
2.1.4 Perchlorate Treatment Technologies
The perchlorate ion is the most oxidized form of chlorine that exists in water. 
When reduced to chloride in acidic solution it has a standard reduction potential of 1.29 V 
(Urbansky, 1998 and 2000), making it a stronger oxidant than oxygen.
CIOT + 8e + 8H"-> Cr + 4H20 E“ = 1.29V
Thermodynamically, perchlorate is favored to undergo chemical reduction by 
reacting readily with reduced compounds (AG° for the reduction o f perchlorate to 
chloride is -1006 kJ/mole) (Urbansky, 2000; Kim, 1999; Mulvaney, 1999; Gurol and 
Kim, 2000). However, under ambient conditions and in the absence of a catalyst, 
perchlorate reduction is kinetically slow. The oxygen atoms sterically block reductant 
molecules from direct attack at the chlorine in the tetrahedral orientation structure (Figure 
2.1). The kinetic barrier towards the above reaction is so high that perchlorate in practice 
is considerably inert and deemed as an unreactive material.
To date, various approaches have been investigated for the remediation of 
perchlorate contamination including adsorption by activated carbon, reverse osmosis, 
anion exchange, and bioremediation (Tripp and Clifford. 2000). Ion exchange, for 
example, can remove perchlorate; however, this technique is typically cost prohibitive
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and creates perchlorate-containing waste streams that require subsequent treatment or 
disposal (Urbansky, 1998 and 2000; EPA, 1998 and 1999; Vieira, 2000).
Figure 2.5 Structure of the Perchlorate Ion (Source: EPA, 1998)
Recent research has suggested that ammonia-based solutions be used instead of 
brine to regenerate the laden ion exchange resins and to eliminate the production of salty 
brine solutions. But this technology is not fully developed yet (Batista et al., 1999).
Biological remediation processes are anticipated to provide the best potential for 
perchlorate removal from contaminated systems with acceptable treatment and economic 
requirement. Microbial respiration couples the oxidation of an organic substrate, such as 
acetate, lactate or glucose, to the reduction of a final electron acceptor, generally oxygen. 
Under anaerobic conditions, the oxidation of organic compounds requires the use of an 
alternative electron acceptor in place of oxygen, such as NO3 , CIO4 , SO4' , Mn'*^  or Fe’’*. 
Because of its high oxidation state (-^7), perchlorate has a high potential for utilization as 
an alternate terminal electron acceptor. Table 2.2 presents comparison of current 
perchlorate removal techniques.
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Table 2.2
Comparison of Perchlorate Treatment Technologies 
(Modified from Gu and Brown, 2000; Urbansky, 1998; EPA, 1999)
Technique Advantage Disadvantage
Ion
Exchange
■ Effective and able to remove ClOf 
below detection limit (< 4ppb);
■ Simple operation;
■ Can treat large quantities of water.
■ Competition by other ions (e.g. 
NO] , Cf; SO/ . HCO] );
■ Large quantities of waste bnnes 
generated;
■ Regeneration difficulty with 
selective resins;
■ High capital cost.
Reverse
Osmosis
■ Simple treatment system;
■ Effective.
• Membrane Fouling;
■ Remineralization is required;
■ Prohibitive cost and impractical 
for large-scale applicanon.
Chemical
Reduction
■ A possible altemanve;
• May work well with highly
concentrated perchlorate pollutant 
in a small volume.
■ Relatively slow reduction process;
■ Addition of chemicals;
• May generate toxic byproducts.
Biological
Reduction
■ Practical and cost-effective;
■ Rapid biodégradation rate;
• Effective for treatment at relatively 
high concentrations (>10 mg/L)
• Need a highly reduced
environment and a continual feed 
of nutrients;
■ Need appropriate electron donors;
■ Interference from electron 
acceptors (e.g., NO]");
2.2 Biodégradation of Perchlorate by Pure Cultures
Researchers have long known of the existence of perchlorate-reducing bacteria 
(van Ginkel et al., 1995; Logan, 1998; Coates et al., 1999b; Rittmann. et al., 2000). Such 
bacteria reduce perchlorate and chlorate to the innocuous chloride.
2.2.1 Type of Microbes
Perchlorate-reducing bacteria appear to be ubiquitous in the natural environment, 
and many are facultative anaerobes and denitrifiers (Urbansky, 1998 and 2000; EPA, 
1998). To date, several microorganisms have been isolated that are able to grow under
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perchlorate-reducing reactions. Wallace et al. (1996 and 1998) reported that Wolinella 
succinogens HAP-l, a Gram-negative microaerophile, could transform perchlorate into 
chloride at a rate o f 107 mg perchlorate h"' g‘* dry weight of cells. In 1996, Rikken et al. 
isolated a bacterial strain GR-l from activated sludge. The strain was a gram-negative, 
oxidase-positive, motile rod-shaped organism and capable of oxidizing acetate with 
perchlorate as an electron acceptor through anaerobic respiration. The doubling time of 
this isolate was nine hours when nitrate was present as a sole electron acceptor. Table 2.3 
presents characteristics of currently isolated (per)chlorate-reducing microbes.
Independent studies have demonstrated that bacteria containing nitrate reductase 
(Payne, 1973) can also reduce perchlorate (Schilt, 1979). However, not all denitrifying 
bacteria are capable of growth with perchlorate as an electron acceptor, and there is 
evidence for a specific perchlorate reductase enzyme system that is separate from nitrate 
reduction (Hackenthal. 1965; Coats et al., 1999a; Coats et al., 1999b; Herman and 
Frankenberger, 1999; Logan, 1998). Hackenthal (1965) demonstrated that the 
heterotrophic bacterial species. Staphylococcus epidermidis, is capable of reducing 
perchlorate in the absence of nitrate and cell-free extracts of nitrate-adapted Bacdlus 
cereiis also reduced perchlorate.
2.2.2 Perchlorate Reduction Reactions
The high Gibbs free energy changes for the stoichiometric reaction of acetate with 
perchlorate as electron acceptor indicate that perchlorate reduction is energetically 
favorable (Rikken. et al., 1996).
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CHjCOO' + CIO4 -> 2HCO3' + H" + c r  ^G°' = -1006 ( 1)
‘/2 CH3COO' 4- CIO4 HCO3 + '/2 H" 4- CIO: ^G°' = -1001 (2)
1/3CH3C0 0 ‘ 4- 4/3C1Ü3' 2/3HCO3 4- 1/3H" + 4/3C10:' AG°' = -800 (3)
CH3C00' + 20 : 2HCO3' + i f  AG°’ = -844 (4)
(AG°' unit: kJ/mole acetate) (Source: Rikken, et al., 1996; Lfrbansky, 2000)
At present, the biochemical pathways necessary for perchlorate reduction have 
not been fully investigated. Rikken et al. (1996) proposed a three-step mechanism of 
perchlorate reduction by anaerobic bacteria in which chlorate and chlorite are 
intermediate products and bicarbonate and chloride are end products. The hypothetical 
pathway was established based on the evidence of perchlorate disappearance in GR-l 
strain. The pathway presumably proceeds via CIO4' -> CIO3 -> CIO: -> Cl' + 0 :  (Figure 
2 .6).
In the above hypothetical pathway, the potential intermediate product chlorite is 
known to be toxic to microorganisms and can be inhibitory to microbial activity. 
However, studies revealed that there was no accumulation of chlorate and chlorite in this 
process (Rikken, et al., 1996). This suggested that the reduction o f perchlorate to chlorate 
is the rate-limiting step. In addition, the transformation of chlorite to chloride is believed 
to be an enzymatic detoxification mechanism that protects the cell and allows the 
bacterium to use perchlorate and chlorate as electron acceptors. This unusual dismutation 
of chlorite, which yields chloride and molecular oxygen, was further studied by van 
Ginkel in 1996, and an enzyme catalyzing the last reaction was purified and 
characterized. It is a homotetramer composed of 32-kDa subunits. Its red color
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suggested that the enzyme might be a heme protein. The enzyme, chlorite dismutase. 
displayed maximal activity at pH 6.0 and 30 °C, and was also found to obey Michaelis- 
Menten kinetics. In the reduction of perchlorate to chloride, eight electrons are involved, 
of which four are provided by acetate. The dismutation of chlorite to oxygen gas and 
chloride involves another four electrons.
CIO4*
Electron Donor
^  (reduction)
 ^ CO2, H2O, Biomass
CIOs'
Electron Donor
^  (reduction) 
CO2, H2O, Biomass
CIO2’
(ctilorlte dismutation)
Electron Donor
▼ V
ci- + 02  > C02, H20,
Biomass
Figure 2.6 Proposed Reduction Pathway of Perchlorate Catalyzed by Strain GRl
(Modiefied from Rikken et al.. 1996)
It was also noted that oxygen is concurrently produced in the course of 
perchlorate transformation. Though oxygen is known to be a preferred electron acceptor.
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and under fully aerobic conditions perchlorate is not degraded, the produced oxygen does 
not accumulate in solution and therefore its generation during perchlorate degradation 
does not inhibit the overall reaction (Logan, 1998).
To date, very little research has been done on perchlorate reductases. Because of 
the short time that perchlorate has been produced in mass quantity, it is not likely that 
microbes have developed a unique perchlorate reductase system to effectively utilize 
perchlorate (Logan, 1998; Urbansky, 2000). It may be possible to isolate enzymes from 
bacteria and use them directly as reagents without the parent organisms. However, the 
mechanisms of these catalysts are not well understood and the reductases themselves 
have not been well-characterized (Logan, 1998; Urbansky, 2000).
2.2.3 Limiting Factors to Perchlorate Biodégradation
2.2.3.1 Oxygen
Oxygen is a major inhibitor of perchlorate reduction (van Ginkel, et al., 1995), 
and exposure of an active perchlorate-reducing culture to air can immediately halt 
perchlorate reduction (Attaway and Smith, 1993). Currently, little has been done to 
determine the threshold of oxygen at which perchlorate reduction is inhibited. Attaway 
and Smith (1993) noted that cultures which were actively reducing perchlorate could 
reach a stage in which perchlorate reduction ceased, and the medium would be in an 
oxidized state, as indicated by a change in color of a redox indicator, resazurin, from 
clear to pink. They reported that the oxidation of the medium was probably caused by the 
formation of transient chloride oxide metabolites, possibly chlorite or hypochlorites. The 
need to maintain redox conditions in which resazurin is converted from pink to clear to
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sustain perchlorate reduction would indicate a redox potential requirement of less than 
-110 mV for perchlorate reduction.
It is unclear whether organisms simultaneously utilize oxygen and perchlorate, 
whether they are alternately utilized by different systems, or whether each is utilized by 
different bacteria. In mixed cultures, members of the consortium may scavenge the 
evolved oxygen sustaining perchlorate reduction (Logan et al., 1999; Mulvaney, 1999).
2.2.3.2 Electron Donor
In bioremediation, many organic compounds can donate electrons and serve as 
primary substrates for microbial metabolism. By moving electrons between an electron 
donor and an electron acceptor, microorganisms produce energy, resulting in microbial 
growth. For perchlorate biodégradation, the choice of a carbon substrate to act as an 
electron donor can be an important consideration. Acetate has been used successfully to 
support perchlorate reduction (Rikken et al., 1996; Malmquvist et al., 1994; Korenkov et 
al., 1976). In a study using a perchlorate-reducing mixed culture that had been enriched 
with acetate, van Ginkel et al. (1995) noted that a wide variety of organic substrates, 
including alcohols, carboxylic acids, and amino acids could be oxidized to support 
perchlorate reduction. Cox (2000) reported successful perchlorate biodégradation with 
various substrates, such as sugars (molasses), alcohol (methanol, ethanol), volatile acids 
(acetate, lactate), and wastes (food processing, manure).
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2.2.3.3 Electron Acceptor
Little attention has been given to the factors that may interfere with perchlorate 
reduction in water matrix. There exist a variety of possible electron acceptors in water 
including oxygen, nitrate, and sulfate. In the environment, there can be a distinct 
sequence by which electron acceptors are used. The choice of electron acceptors used by 
a microorganism to complete anaerobic respiration is a competitive process given the 
bacterium will select an electron acceptor that can maximize energy yield. A higher 
energy yield from the oxidation of a carbon substrate will favor a competitive advantage 
to a particular population, such as nitrate reducers over sulfate reducers, until the 
available nitrate has been exhausted. The position of perchlorate in the sequence of 
dominant terminal electron-acceptors is illustrated in Figure 2.7.
- 250 mv
-110 mv 
+76 mv 
+ 800 mv
Redox T
CO, CH, Methanogenesis
S O /- >  g:-
C IO / ► Cl-
NO, Denitrification
0 , ---- ^  H ,0
Groundwater + Substrate
Figure 2.7 Utilization of Electron Acceptors (Modified from Guarini, 2000)
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It is noteworthy that the above sequence of electron acceptor utilization by 
perchlorate degrading microorganisms has not been fully determined. Van Ginkel et al. 
(1995) found that the presence of nitrate competitively inhibited (per)chlorate reduction, 
while Herman and Frankenberger (1999) demonstrated that perchlorate was reduced 
more rapidly in the absence of nitrate than in its presence, indicating a partial inhibition. 
In contrast, Wallace et al. (1996) reported that IK succinogenes HAP-1 preferentially 
reduced perchlorate prior to reducing nitrate. .Attaway and Smith ( 1993) showed that the 
presence of nitrate and sulfate did not inhibit the rate of perchlorate reduction. However, 
complete inhibition of perchlorate reduction was evident in the presence of nitrite and 
chlorite, probably as a result of direct toxicity to the cell.
2.2.3.4 Salinity
It is known that the presence of high amounts of electrolytes in the environment 
has detrimental impacts on microbial activities (Vreeland and Hochstein, 1992). 
Microorganisms may undergo environmental stresses that are relevant to the high 
concentration of the medium. High salt content can create an osmotic imbalance to cells 
containing normal levels of cytoplasmic solutes. Lipid membranes allow rapid diffusion 
of water molecules in and out of cells while presenting an effective barrier to most other 
biological molecules. This situation implies the loss of water and an irreversible 
retraction of the cytoplasm, which is the lethal effect exerted by high salinity and is 
probably responsible for the rapid killing effect of concentrated salt solution on 
microorganisms, who are not halophilic by nature.
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It is also known that high salinity can exert destabilizing effects on proteins and 
lipids (Vreeland and Hochstein, 1992). The tertiary and quaternary structure o f proteins 
which are essential for their biological activity can be considerably influenced at high 
salinity levels (Lanyi. 1974).
Salinity impacts on microbial activity vary in terms of different biological 
environments. In soils, salt contents range widely and only matrices carrying higher than 
0.2% soluble salt are considered saline (Vreeland and Hochstein, 1992). These soils have 
been found worldwide in arid regions. Waters are considered saline when they contain 
higher than 0.3% soluble salt. As comparison, the salinity of the ocean is notably stable 
around the world and is close to 3.5%.
The ability of microorganisms to grow at different salt concentrations differs in 
microorganisms. Most freshwater microorganisms experience optimum growth in 
moderate salt environments, albeit all marine organisms often require a salinity level of 
3.5%. Some organisms whose usual habitat is not saline can endure relatively high salt 
concentrations, nevertheless with a reduction of the growth rates (Alexander, 1999).
To date, high ionic strength has been found in perchlorate-contaminated waters; 
inclusion of salt-tolerant microorganisms in a mixed culture to improve biological 
treatment efficiency of these waters is deemed essential. However, few investigations 
have been focused on the influences of salinity on the performance of perchlorate- 
reducing microorganisms. Liu (2000) reported that a complete inhibition of perchlorate 
biodégradation was observed when the salinity level in a microbial media with mixed 
cultures reached 4%.
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2.3 Biodégradation of Perchlorate by Mixed Cultures
There are several reports of mixed cultures capable of reducing perchlorate under 
anaerobic growth conditions (Rikken, et ai., 1996; van Ginkel, et al., 1995; Malmquvist, 
et al., 1994). These bacteria were enriched from samples of sewage sludge in media 
containing various sources of organic carbon, mineral nutrients, and high concentrations 
of perchlorate (500 -  1,000 ppm). Acetate was shown to serve as the sole carbon source 
for the reduction of perchlorate. Using acetate, Rikken et al. (1996) reported that 800 
ppm perchlorate was completely reduced after 9 days. In contrast, Attaway and Smith 
(1993) used a mixture of nutrient broth and yeast extract for the enrichment of a 
perchlorate-reducing culture, and reported reduction of 1000 ppm perchlorate after 
approximately 2 days. They determined that perchlorate reduction occurred between pH 
6.6 and 7.5, with an optimum at 7.1, and a temperature range between 25 to 42 °C.
Using a mixed culture, Kim (1999) studied the biodégradation of perchlorate- 
contaminated waters in fixed-bed columns with sand or granular activated carbon (GAC) 
as support media. Under anoxic conditions and with a residence time of 13-48 minutes, 
perchlorate biodégradation on acetate substrate was observed.
In 2000, Liu and Batista reported a biological removal of perchlorate from waters 
using membrane-immobilized biofilms. A mixed culture obtained from activated sludge 
in the Clark County Wastewater Treatment Plant was able to degrade perchlorate at 0.11 
-  0.25 moles CIO4 /day /m“ on a specific membrane. Salinity studies were also 
conducted on this mixed culture and at a 4% salinity level, no perchlorate biodégradation 
was detected.
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2.4 Perchlorate Biodégradation
2.4.1 Natural Attenuation of Perchlorate
Natural attenuation is to allow naturally occurring microorganisms to degrade 
contaminants that have been released into the environment. In most cases, natural 
attenuation is used to supplement other conventional remediation techniques (Rittmann, 
and McCarty; 2001). However, little is known about the natural occurrence of perchlorate 
(Renner, 2000). Perchlorate is not a significant component of seawater, but the discovery 
of naturally occurring of perchlorate in Chilean potassium nitrate (Schilt, 1979) recently 
gained prominence. If it can be shown that perchlorate is produced naturally in the 
environment and yet its levels are very low, one can conclude that natural attenuation is 
responsible for this observation. At present, natural attenuation of perchlorate by 
biological processes is still unstudied, and limited information is available on the ability 
of a normal biological community (macro- or microscopic) to consume perchlorate, 
regardless of the source.
In order to make perchlorate biodégradation possible, it is necessary to investigate 
the limiting factors to perchlorate biodégradation in the natural environment.
2.4.2 In Situ Biodégradation of Perchlorate
In situ microbial reduction is a feasible approach to perchlorate degradation, but 
there are several factors that may limit intrinsic perchlorate removal rates, including: 
insufficient oxidizable substrate, insufficient biomass concentration or absence of 
perchlorate reducing microorganisms, competition with other anions present in high 
concentration, and inhibition by high dissolved oxygen concentrations or high salinity
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levels. To determine factors that can limit intrinsic rates, and to develop information for 
initiating in situ perchlorate degradation, extensive laboratory experiments are required.
It is known that the abundance of perchlorate reducing microorganisms is highly 
site specific (Coates et al. 1999a; Logan et al. 1999; Zhang et al., 2001), therefore, 
depending on the site or perchlorate levels, and the need for immediate perchlorate 
degradation, in situ bioaugmentation could be helpful in obtaining more rapid 
bioremediation at a specific site.
Several projects on perchlorate bioremediation are ongoing in the affected areas 
of EPA’s Region 9 and were described at recent conferences (Urbansky, 1998 and 2000). 
Catts (1999) reported that a pilot-scale bioreactor has been constructed for the Baldwin 
Park Operable Unit in California using microbes derived from the food-processing 
industry. Operation of this pilot unit over a period of several months showed that 
perchlorate and nitrate could be reduced to undetectable levels, i.e., (perchlorate 
concentration < 5 ppb). Ethanol was used as a food source and minerals were added to 
the system. The perchlorate-reducing microbes were not isolated or characterized. Table
2.4 summarizes full-scale perchlorate biodégradation studies at various contaminated 
sites.
2.5 Perchlorate Biodégradation of Contaminated Water
Perchlorate is highly soluble in water and sorbs poorly to mineral surfaces. The 
persistence of perchlorate in groundwater aquifers results primarily from a combination 
of aerobic conditions and a lack of sufficient quantity of electron donor for 
microbiological perchlorate removal. However, under controlled conditions, perchlorate
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can be microbiologically degraded.
Biological treatment of high-strength perchlorate wastewaters has been 
demonstrated (Malmqvist, et al., 1991; Attaway and Smith, 1993; Attaway and Smith, 
1994; Korenkov, et al., 1976; Wallace et al., 1998; Logan and Kim, 1998). However, 
several factors make such systems inappropriate for treating contaminated ground waters. 
First, perchlorate is typically present at less that 100 pg/L levels, as opposed to gram per 
liters in some waste waters, and it is not known if this concentration is sufficient to select 
for a perchlorate-reducing culture. Second, nitrate is present at levels typically greater 
than 1 mgN/L -  more than one order of magnitude greater than perchlorate -  and nitrate 
has an inhibitory effect on perchlorate reduction. Third, the process requires the addition 
of a suitable electron donor at doses sufficient to achieve the reduction o f nitrate and 
perchlorate. Methanol and ethanol are organic electrons that have been used for 
perchlorate wastewater treatment systems. However, both compounds are alcohols that 
are federally regulated, and methanol has acute health risks (Rittman and Najm, 2000).
A critical issue to successfully decontaminating perchlorate containing 
wastewater is the choice of the electron donor substrate to fuel perchlorate reduction. 
Ethanol and methanol present serious drawbacks. Other organic donors, such as acetate, 
overcome the toxicity and regulatory problems but still require addition of an easily 
biodegradable molecule that can cause biological instability, which creates regrowth 
potential in the distribution system (Yakolev et al.. 1971).
Hydrogen also can serve as an electron donor and appears to be a particularly 
desirable choice, as it presents no toxicity, is inexpensive, and is sparsely soluble in 
water, so that it produces little regrowth potential in the distribution system. A
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disadvantage is that hydrogen in the presence of oxygen can create a potentially 
explosive atmosphere (Giblin et al.. 2000).
Biological reduction appears to be the most economically feasible means of 
dealing with perchlorate-contaminated waters at all concentrations. Although other 
techniques may find application to selected systems, it appears that biological and 
biochemical approaches will play the greatest role in solving the perchlorate problem. 
Some situations may require a combination of technologies to best meet unique needs. In 
addition to rapid implementation of effective and workable technologies, ongoing 
development will be required to find new technologies and to make them affordable to 
industry.
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CHAPTER 3 
EXPERIMENTAL METHODS AND MATERIALS
3.1 Perchlorate Sample Collection
Water and sediment samples were collected from the contaminated Las Vegas 
Wash area at 0.5-mile interval along the Las Vegas Wash. The sampling area starts from 
the Las Vegas wastewater treatment plant (LVWTP) and ends at the entrance o f Lake 
Mead. Figure 3.1 shows a geographic map of the sampling area.
Water samples were collected into sterilized polystyrene bottle with zero 
headspace to generate anaerobic conditions. A cooler with Ecogel™ ice packs was used 
to keep samples cold before transferring them to the laboratory for analysis.
A Global Positioning System (GPS) unit - GeoExplorer H receiver was employed 
to record sampling location. GPS is a satellite based positioning system operated by the 
U.S. Department of Defense (DOD). The GPS unit receives signals from four satellites 
and calculates its current position after tracking the available satellites. In standard 
operation, this receiver provides horizontal accuracy typically in the order of 2 to 5 
meters if configured correctly.
Perchlorate distribution along Las Vegas Wash was generated using ESRI 
ArcView GIS software (Ver. 3.2). Real scale is determined based on GPS latitude and 
longitude coordinate system.
29
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Las Vegas W\VTP
Clark County vW/TP
Henderson A/WTP
Figure 3.1 Geographic iMap of the Sampling Area
3.2 Microcosm Testing
Water and soil samples collected from the Las Vegas Wash were processed within 
6 hours after being transferred to the laboratory. Microcosm testing was performed on the 
water and soil samples to investigate the limitations to natural biodégradation of 
perchlorate in the Las Vegas Wash area.
3.2.1 Microcosm Testing For Water Samples
To stimulate microbial growth, an aliquot of the water sample, minerals/nutrients, 
phosphate buffer and a carbon source (lactate) were added to sterilized serum bottles. The 
bottles were sealed with a butyl mbber cap and crimped closed with an aluminum cap to 
assure anaerobic conditions. Control bottles were additionally prepared for monitoring
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purpose. The composition of the minerals/nutrient broth, as modified from Van Ginkel 
(1995), and the buffer solution used are depicted in Table 3.1.
Table 3.1
Concentration of Buffer, Minerals/Nutrient Used in the Culture Broth
Nutrients & Minerals Buffer
Com ponent FW Concentration
(g/mole) (mg/L)
Component FW Concentration 
(g/mole) (g/L)
MgS04-7H20 246.47 100
EDTA 372.24 3
ZnS04-7H20 287.5 2
CaCl2-2H20 147 1
FeS04-7H20 278.02 4
Na2Mo04 2H2O 241.95 0.4
CUSO45H2O 249.7 0.2
C0CI26H2O 237.9 0.4
MnCl2-4H20 197.91 1
NiCl2-6H20 237.71 0.1
NaSeO] 149.95 0.1
H3BO3 61.83 0.6
K2HPO4
NaHiPOA
NH4H2PO4
174.18 1.55
119.95 0.85
115.03 0.5
A lactate to perchlorate ratio of 3:1 was used in the microcosm tests. Each 
incubation bottle contained 90 ml raw water sample, 3 ml of 10,000 ppm lactate stock 
solution, 5 ml of 20 times concentrated buffer solution, 1 ml of 100 times concentrated 
nutrient solution, and 1 ml of DI water. Control bottles contained only raw water sample 
as taken from the Wash. All the serum bottles were placed in a programmed incubator 
(Fisher Scientific, Low Temperature Incubator -  Model 307) with 20°C constant
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temperature. A schematic representation of the microcosm testing procedure for a water 
sample is shown in Figure 3.2.
• 100 ml raw sample
90 ml raw sample 
3 ml 10,000 ppm lactate 
5 ml 20X buffer stock 
I ml I OCX rtument stock 
I ml DI H,0
V ________ /
^  y
Control Full Incubation
Figure 3.2 Microcosm Testing for Water Samples 
(Note: 20X and lOOX mean a concentration of buffer and nutrient stock 20 and ICO times greater 
than the desired values listed in Table 3.1)
3.2.2 Microcosm Testing For Soil Samples
Soils were collected along the Las Vegas Wash and around the Kerr McGee Well 
area to examine the biodegradability of perchlorate by indigenous microorganisms in the 
soils.
To quantify the perchlorate biodégradation rate by indigenous microbes based on 
dried soil weight, soil moisture content was determined using gravity differential 
approach. About twenty grams of original soil sample were weighed (Sargent -  Welch
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ATL 100) and transferred thereafter into an oven (I05“C) for 24 hours drying. The weight 
difference of the sample before and after drying is considered the soil moisture.
Soil microcosm testing was conducted following a similar procedure to that used 
in water sample microcosm, except that acetate was used as the carbon source instead of 
lactate, because of the potential fermentation of lactate. Acetate was selected to avoid 
possible fermentation of lactate under anaerobic conditions. Carbon control (also referred 
to as background control) bottle was made to examine whether perchlorate can be 
reduced under the original environmental conditions (e.g. initial perchlorate 
concentration). Autoc laved control bottle was prepared to inspect whether 
microorganisms other than those from the soil would reduce perchlorate. In autoc laved 
control and full incubation bottles, an acetate to perchlorate ratio o f 5:1 was employed to 
ensure the biodégradation was not limited by carbon. Duplicate bottles for full incubation 
were prepared to check precision. Figine 3.3 represents the detailed procedure for the soil 
microcosm testing.
3.3 Microbial Enumeration
The ubiquity o f perchlorate reducing microorganisms along the Las Vegas Wash 
was examined through MPN tests and direct plate counts.
3.3.1 MPN Tests
The most-probable-number (MPN) technique is grounded on a determination of 
the presence or absence o f microorganisms in several individual aliquots of each 
consecutive sample dilution. In this research, a 5-tube MPN procedure was employed.
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/  \  
' 10 g wet soil sample
’ 5 ml 10,000 ppm acetate
5 ml 20X buffer stock
• 1 ml lOOX nutnent stock
90 ml DI H,0
• 10 g autoclaved wet soil
• 1 ml 10,000 ppm CIO,
• 5 ml 10,000 ppm acetate
• 5 ml 20X buffer stock
• 1 ml lOOX nutnent stock
• 90 ml DI H,0
• 10 g wet soil sample
• I ml 10.000 ppm CIO,
• 5 ml 10,000 ppm acetate
• 5 ml 20X buffer stock
• I ml IOOX nutnent stock
• 90 ml DI H ,0
1 4
\
Carbon Conirol Autoclaved Control Full Incubation 
(Duplicate)
Figure 3.3 Microcosm Testing for Soil Samples
The minerals/nutrients broth and phosphate buffer used in the MPN tests are of 
the same composition as those used in the microcosm testing and depicted in Table 3.1. 
The lactate to perchlorate ratio was maintained at 3:1 to stimulate the growth of 
indigenous perchlorate-reducing microorganisms. Initial perchlorate concentration was 
set to 100 ppm based on the highest contaminant content currently detected in Las Vegas 
Valley.
For the MPN test, glass culture tubes of 5ml volume were used. These mbes and 
basal media were sterilized using a 45min liquid autoclave cycle at 121 °C. Serial 
dilutions (Io ' - lO”*) were made for each water sample. This was accomplished by 
adding 0.5ml raw or diluted aqueous sample into 4.5ml media broth (Figure 3.4).
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Before advancing to next dilution, all solutions were well agitated on a vortex 
mixer to prevent microbes from precipitating. For each dilution, five repetitive MPN 
tubes were made. The MPN tubes were then capped and incubated anaerobically in a 
Labline-model 6550 Programmed Anaerobic Environment Chamber. The gas mixture 
used in the chamber contains 3% hydrogen, 4.96% carbon dioxide and 92.04% nitrogen.
The finished solutions used in the MPN procedure were also used in the spread- 
plate count procedure described under session 3.3.2.
0.5ml 0.5ml 0.5ml 0.5ml 0.5ml 0.5ml
-- -•
Raw Sample i
4.5ml 4.5ml 4.5ml 4.5ml 4.5ml 4.5ml i
broth broth broth
i
broth broth broth
10-' 0-2 10-2 10-^ 10-Î 10-2
Figure 3.4 Sample Dilution for MPN Tubes
Following six weeks of incubation, the MPN tubes were examined for turbidity 
and perchlorate. Positive tubes in MPN analysis were recognized by increase in turbidity 
and decrease in perchlorate concentration. Based on the QA/QC procedure in IC analysis, 
a tube with more than 20% decrease in perchlorate concentration is considered positive. 
Turbidity due to growth cultures was measured using a Spectronic-20 spectrophotometer. 
Transmittance for each dilution of MPN tubes was read at wavelength of 620nm. Blank
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tubes were made with the same basal media. To simulate culture growth in MPN tubes, 
absorbance was later converted from transmittance according to the following 
mathematical relationship.
Absorbance = 2 -  log (% Transmittance)
Final perchlorate concentration was determined by ion-chromatography using a 
Dionex-120 chromatograph. The MPN values were determined by consulting standard 
MPN tables (Cochran, 1950; Crites, 1998; APHA, 1995).
3.3.2 Spread-Plate Counts
To enumerate the possible perchlorate-respiring colony, spread-plates were 
prepared by pouring about 25ml sterilized growth media into a Petri dish. This growth 
media utilizes the same broth shown in Table 3.1 except that 1.5% - 2.0% Bacto Agar 
was added. After solidification of agar, lOOpL solution prepared for the MPN testing 
(session 3.3.1) was spread on the Petri dish sitting on a spreader wheel. Five duplicate 
plates were made for each dilution to ensure reproducibility. Finished spread-plates were 
placed into a Lab line anaerobic chamber microbial proliferation. To control the moisture 
inside the chamber, fresh silica gel was supplemented daily.
After a two-week growth period on spread-plate, viable perchlorate-respiring cells 
were counted on a Quebec colony counter, which provides an indirect source of light, a 
magnifying glass and grid markings to facilitate in the systematic examination of the 
plate. Counts are considered as the maximum number of perchlorate-respiring microbes 
potentially existing in the sample. By correcting dilutions, an average colony number can 
be acquired.
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3.4 Analytical Methods
3.4.1 Perchlorate and Anion Analysis
Aqueous samples were analyzed for perchlorate using a DX-120 Ion 
Chromatograph (IC) (Dionex Corporation, Sunnyvale, CA) equipped with an AS40 
autosampler. The IC method used an anion Self-Regenerating Suppressor II (4 mm) with 
a current setting of 300 mA, operated in the external mode of suppression, with 18 
megaohm water utilized as the régénérant and pressurized to 25 psi to ensure a 5ml/min 
flow rate. .An lonPac AGI 1 (4x50 mm) guard column and an lonPac ASH (4x250 mm, 
P/N 044076) analytical column were used with a sample volume of 1000 pL being 
injected into the column. The eluent 49mM sodium hydroxide prepared in DI water with 
a flow rate of 1.0 mL/min was employed. These parameters resulted in elution of the 
perchlorate in approximately 6 min., with a total run of 10 min. Dionex PeakNet software 
V5.2 was used in data collection and running o f the method. The detection limit of the IC 
was 5 pg/L. The concentration of perchlorate was calculated based on the area o f the 
peak. Deionized water (resistance of 18 MQ-cm) was used as system blank sample to 
establish the baseline and to confirm the presence or lack of contamination in the system. 
EPA QA/QC procedure (1999), established for this project, was followed during sample 
analysis to ensure accurate quantification of perchlorate. /Vn R‘ o f higher than 0.997 was 
achieved during each IC analysis.
Nitrate and sulfate concentrations were measured by IC using the same analytical 
column as for perchlorate analysis. The method was modified from Standard Methods 
(1998) (method 4110) for mixed anions. Sample injection volume was 25 |iL. the flow 
rate for eluent (5mM NaOH) was I.O ml/min.
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3.4.2 Total Organic Carbon (TOC ) Analysis
Total organic carbon (TOC) analysis was conducted on Shimadzu TOC-5000A 
analyzer. Before transferred to the ASI-5000A autosampler, water sample was acidified 
to pH = 2 -  3 using 2N HCl to remove dissolved CO?. Sample was thereafter sparged 
within the autosampler to remove volatile organic substance. Under catalytic combustion 
at 680°C in furnace, organic carbon in aqueous sample is decomposed and converted to 
CO:, which is detected by the Infrared Gas Analyzer (NDfR). This process determines 
non-purgable organic carbon (NPOC) of samples. For water samples from Las Vegas 
Valley site, a regular sensitivity syringe (250pL) was used.
3.4.3. Conductivity Measurements
Conductivity indicates the ionic strength of an aqueous solution and usually 
serves as an index of the concentration of inorganic compounds in a solution. The 
interactions between inorganic ions and microorganisms may significantly affect the 
microbial activity in an aqueous solution and therefore conductivity monitoring is 
important in bioremediation research.
A YSI-33 model conductivity meter was used to measure the conductivity of the 
water to be used in the microcosm experiments. The instrument was adjusted to a 
mechanical zero first with the instrument off, and then the Redline was verified. To 
calibrate conductivity, fresh sodium chloride standard solution (0.1 M) was prepared 
before each experiment. After immersing the conductivity cell into sample, allowing time 
for stabilization and rectifying temperatiu-e, conductivity can be read by selecting the 
appropriate conductivity range. The actual sample conductivity can be acquired by
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multiplying reading with the corresponding scale factor. For the calibration standard 
(NaCI O.IM), the final conductivity ought to be 12,890 pmhos/cm at 25 °C.
3.4.4. Soil Salinity
By creating an osmotic imbalance inside microbial cells, high soil salinity in 
environment can influence microbial activities significantly (Vreeland and Hochstein, 
1992). Microorganisms may undergo environmental stresses that are relevant to the high 
concentration of the medium. Absolute salinity can only be obtained by conducting a 
comprehensive chemical analysis. However, this method is time-consuming and may not 
yield accurate results.
For the soil microcosm testing, an indirect method involving the measurement of 
the filtrate conductivity of a well-defined soil solution was adopted. Ten grams of soil 
sample were dried in oven for 24 hours at 105°C to remove interstitial moisture. Fifty 
grams of DI water were mixed with the soil to yield a soil to water ratio o f 1:5 (w/w). 
After mixing well, the soil solution was vacuum filtered using a GFC (1.2 pm) fiber glass 
filter and the filtrate was collected for conductivity analysis.
The salinity of the filtrate can be calculated from the measured filtrate 
conductivity using the following expression (Lewis, 1980)
S = ao + aiRi'^ -i- aiR., + a}Rt^ '^  + 34Rt^  + + AS (I)
where
Rt -  Ratio of the conductivity of the water, at temperature r, to the conductivity 
of seawater of practical salinity, S = 35 ( 32.4356 g of KCl in a mass of 1 kg of solution) 
at the same temperature, both at a pressure of one standard atmosphere.
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AS is given by
AS = ( bo + b, R,'"  ^+ bzR, + bjR "^  ^+ h^Rc + bsR,^ ) (2)
and:
ao = 0.0080 bo = 0.0005
a, =-0.1692 bi =-0.0056
ai = 25.3851 bi = -0.0066
a; = 14.0941 b] =-0.0375
a4 = -7.0261 b4= 0.0636
as = 2.7081 bs = -0.0144
The above practical salinity scale was modified for low salinity ranges in 1986 
(Hill, et al., 1986). The following equation is valid from 0 to 40 salinity.
- r. ^ ! v - =  ®
Where:
Spss = value determined from the practical salinity scale given earlier, 
ao = 0.008 bo = 0.0005
.V = 400R K=100R,
/rr) = ( M5) / [ l  +0.0162 (f-15)]
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 Perchlorate Distribution Along the Las Vegas Wash
To investigate the current contamination status, transportation fate, and potential 
biodégradation of perchlorate in the Las Vegas Valley, contaminant distribution was 
determined by measuring perchlorate and other anion concentrations in aqueous samples 
at approximate half mile intervals along the Las Vegas Wash, including the most 
contaminated Kerr McGee pond well. The measurements started at the Las Vegas Waste 
Water Treatment Plant (WWTP); advanced through Clark County WWTP, Henderson 
WWTP, Pabco Erosion Control Structure, and Lake Las Vegas; and extended to the 
entrance of Lake Mead covering a distance of six miles. A total of ninety-two aqueous 
samples were collected. Based on the GPS record of the sample location and its 
perchlorate content determined by IC analysis, the contaminant distributions were 
obtained using the ESRI ArcView GIS software. Figure 4.1 illustrates the perchlorate 
distribution in the Las Vegas Wash area.
According to GIS profiles, perchlorate concentrations range from zero to 1000 
ppb along the Las Vegas Wash (Figure 4.1). This distribution can be ftirther categorized 
into two sections. The first section originates from the Las Vegas WWTP and ends at
41
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Kerr McGee well seepage area; this upper stream of Las Vegas Wash has very low 
perchlorate concentrations, varying from zero to 10 ppb. The small perchlorate 
concentrations (10 ppb) found in the upper portion of the Wash are the result of 
unintentional use of perchlorate-containing coagulants by the City o f Las Vegas 
Wastewater Treatment Plant. The coagulants were manufactured and diluted in the Basic 
Management Industry Complex (BMI) area and the manufacturer unknowingly used 
perchlorate-contaminated well water to dissolve the coagulants.
Las Vegas WWTP 
Clark County WWT
Henderson WWTP
Pereniortte  (ppb)Creek
acGee Well
e  J9a43
Figure 4.1 Perchlorate Distribution along the Las Vegas Wash 
(Samples Collected from October 1999 to May 2000)
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[n the Kerr McGee contaminated seepage (herein referred as Kerr McGee well), 
perchlorate concentrations are approximately 100 ppm. Analysis of other inorganic 
components of the contaminated seepage indicated that the highly contaminated water 
contains, in addition to perchlorate, 2000 ppm chloride, 2000 ppm sulfate, 50 ppm nitrate, 
and 100 ppm chlorate. Based on the seepage flow rate of 300 gallons/min, the daily 
loading of perchlorate from this individual seepage is approximate 163.5 kilogram. After 
passing through Kerr McGee well area to the entrance of Lake Mead, perchlorate 
concentration in Wash increases markedly up to 500 - 1000 ppb.
Down stream from the contaminated area the seepage is quickly diluted by the 
Las Vegas Wash flow to about 300 ppb. It is further noticed that the perchlorate 
concentration in the Wash increases significantly (800 ppb) after the flood control 
structure and before Magic Road. This fact had been verified by multiple sampling by 
UNLV and also by the Southern Nevada Water Authority (SNWA) Las Vegas Wash 
Coordination Committee. This infers the existence o f other distributed contaminant 
sources along the Wash that need to be identified. This finding is important because 
major perchlorate clean up efforts are now concentrated on the known upstream seepage.
To monitor variations of perchlorate level at different periods, eight permanent 
sampling sites have been selected, however no significant fluctuation was detected as 
indicated in the sample matrix (Appendix A).
4.2 Nitrate Distribution along the Las Vegas Wash
Nitrate plays an important role on perchlorate biodégradation as it competes with 
perchlorate as an electron acceptor. Figure 4.2 illustrates the nitrate (as NO}") distribution
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in the contaminated site. The nitrate in the Wash before the highly contaminated Kerr 
McGee ponds is primarily from the effluent of the WWTPs, and the average nitrate 
concentration in the Wash is approximately 56 ppm as NO3 . This concentration o f nitrate 
is about sixty times higher than the perchlorate concentration (1000 ppb) in the Wash. 
Considering the nitrate concentration in the Kerr McGee seepage (50 ppm) and the 
seepage flux (0.43 MGD) as well as the Wash flux (155 MGD) nearby, the contribution 
of nitrate from this seepage to the Las Vegas Wash is very small (about 0.14 ppm).
Clark County WWT =
Henderson WWTP
Nitrate (ppm)
Figure 4.2 Nitrate distribution along the Las Vegas Wash
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4.3 Enumeration of Perchlorate-Reducing Microorganisms in the Las Vegas Wash
Two types of tests, specifically five-tube MPN (most probable number) counts, 
and colony counts using standard plating techniques, were performed to investigate the 
ubiquity o f perchlorate reducing microorganisms along the contaminated Las Vegas 
Valley area.
4.3.1 Microbial Enumeration with Plate Counts
Table 4.1 and Figure 4.4 show the plate counts for 30 water samples from the Las 
Vegas Wash and in the contaminated site. For comparison, published data on the ubiquity 
of perchlorate reducing bacteria were added to the table. Microbial counts for the Las 
Vegas Wash and the contaminated site varied from 3xlQ-’ to T.TxlO"* counts/ml. The 
microbial counts found are comparable to the data published by other researchers for 
perchlorate and chlorate reducing microorganisms (Table 4.1). The enumeration results 
imply that indigenous perchlorate-respiring microbes are ubiquitous to the Wash site in 
sufficiently high numbers and they promptly acclimate to the new environment.
The raw data obtained from the colony counts are displayed in Appendix B. The 
number of perchlorate-reducing microorganisms has been found to loosely correlate to 
the initial perchlorate concentrations in aqueous samples (Figure 4.3). In fact, the 
smallest counts of indigenous perchlorate degrading microorganisms (Appendix B. 
March 10“’ samples) were found within the Kerr McGee contaminated area, where the 
perchlorate concentrations are the greatest. .As can be seen in Figure 4.3, a high initial 
perchlorate concentration is associated with a low number o f perchlorate-reducing 
microorganisms. Along the Wash the number of perchlorate-reducing microorganisms
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were the highest in the immediate proximity of the discharge of the wastewater treatment 
plant.
Table 4.1
Comparison of (Per)chlorate Reducing Microorganisms Abundance in Different
Environments (#/g or ml)
Sample ID Lactate Sample ID Lactate Sample ID (from MPN) Acetate
Oct2299-W1 3.1E+04 FebllOO-WI 7.7E+G4 Swine waste lagoon 2.4E+G6
Oct2299-W3 3.2E+04 Feb11G0-W2 1.4E+04 Raw wastewater G.2- 1.7E+G5
Oct2299-W5 3.3E+03 Feb11GG-W3 1.6E+G4 Treated wastewater''’ G.3-2.1E+G4
Oct2999-W1 1.5E+04 Feb11GG-W4 3.9E+G4 Petroleum-contaminated soif®’ 9.3E+G3
Oct2999-W2 8.5E+03 Feb11GG-W5 6.3E+04 Pristine aquatic sediment"” 4.6E+03
Oct2999-W3 2.1E+04 ManOOO-W1 2.9E+03 Mississippi river sediment® 4.3E+03
Oct2999-W4 2.9E+04 Mar1GGG-W2 3.2E+G3 Gold mine drainage sediment 4.3E+G3
Oct2999-W5 2.0E+04 ManOGG-W3 3.8E+G3 Pristine soil 2.3E+G3
Nov1999-W1 3.0E+04 Mar10GG-W4 4.7E+G3 IX soil 22 - 13G
Nov1999-W2 2.5E+04 Mar10GG-W5 3.0E+G3 PA-top soil
Nov1999-W3 3.0E+04 MarlGGG-W6 2.1E+G4 PA-deep soil ND (<0.3)
Jan2100-W1 3.6E+04 Apr07GG-W2 1.7E+G4 Florida swamp 2.3E+G3
Jan2100-W2 2.3E+04 Apr07GO-W7 3.3E+G4 Pohic Bay 1.5E+G3
Jan210C-W3 1.8E+04 Apr070G-W8 2.1E+04 Creek Water 0.01 -0.17
Jan210O-W4 2.GE+04 AprG7GG-W1G 2.5E+G4
(a) from ttiis study (b) from Coates et al (1999) (C) from Logan et al (2000)
100.000
! »
o>_3
CO
I
80.000
a  60.000 I- ♦
C
8coo
«
c
40.000
;= 20,000 (
0  «-----•------
6.EKW a.EK)4O.E+00 2.&04 4.&04
Mcrobial Count (CT/mL)
1.B05
Figure 4.3 Correlation between Initial Perchlorate Concentrations and the Number of 
Perchlorate Reducing Microorganisms Present
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Las Vegas WWTP 
Clark County WWTP
Henderson WWTP
TRCPIC#L
cVtCreek Mtcmbe^
(ÎOCO CT/mft
) 3- to
o to - 40
6  4 0 - 7 7
Figure 4.4 Distribution of Perchlorate-Reducing Microorganisms 
along the Las Vegas Wash and in the Contaminated Area
4.3.2 Microbial Enumeration with MPN Counts
The ubiquity of perchlorate reducing microorganisms in the Wash samples was 
also assessed using five-tube MPN technique. Raw data of microbial enumeration with 
this technique are displayed in Appendix C. Table 4.2 summarizes the results for 34 
aqueous samples. Similar to the plate count findings, the MPN counts show that 
perchlorate reducing microorganisms are ubiquious to the Las Vegas area.
To date, no studies have been reported on the enumeration of perchlorate reducing 
microorganisms by direct colony counts. It is not expected that the MPN and direct plate
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counts measurements will yield the same results. However, both methods should yield 
results that show similar trends. For comparison purposes, a correlation between the 
results of both methods was attempted (Figure 4.5).
Table 4.2
Five-Tube MPN Microbial Counts for Perchlorate-Reducing Microorganisms in the Las
Vegas Wash Area
Sample Positive Tubes Combination MPN Index Lowest MPN Result
ID 10^ 10"® 10"* 10'^ 10'^ of Positives /100 mL Dilution CT/IOOmL
Oct2299-W1 0 1 5 5 5 5-1-0 33 1.0E+04 3.3E+05
Oct2299-W2 0 3 5 5 5 5-3-0 79 1.0E+04 7.9E+05
Oct2299-W3 0 0 4 2 5 5-2-4 150 1.0E+02 1.5E+04
Oct2299-W4 0 1 0 5 5 5-0-1 31 1 .OE+03 3.1E+04
Oct2299-W5 1 3 5 5 5 5-3-1 110 1.0E+04 1.1E+06
Jan2100-W1 2 5 5 5 5 5-5-2 540 1.0E+04 5.4E+06
Jan2100-W2 1 5 5 5 5 5-5-1 350 1 .OE+04 3.5E+06
Jan2100-W3 0 0 4 5 5 5-4-0 130 1.0E+03 1.3E+05
Jan2100-W4 4 1 5 5 5 5-1-4 110 1.0E+04 1.1E+06
Feb1100-W1 3 5 5 5 5 5-5-3 920 1.0E+04 9.2E+06
Feb1100-W2 0 1 5 5 5 5-1-0 33 1.0E+04 3.3E+05
Feb1100-W3 0 5 5 5 5 5-5-0 240 1.0E+04 2.4E+06
Feb1100-W4 5 4 5 5 5 5-4-5 430 1.0E+04 4.3E+06
Feb1100-W5 3 5 5 5 5 5-5-3 920 1.0E+04 9.2E+06
MaiiOOO-W1 0 2 0 5 5 5-0-2 43 1.0E+03 4.3E+04
Maii000-W2 0 0 1 5 5 5-1-0 33 1.0E+03 3.3E+04
Mar1000-W3 0 0 0 3 4 4-3-0 27 1.0E+02 2.7E+03
MaiiOOO-W4 0 0 0 4 3 3-4-0 21 1.0E+02 2.1E+03
Mar1000-W5 0 2 4 5 5 5-4-2 220 1.0E+03 2.2E+05
Maii000-W6 0 0 1 4 5 5-4-1 170 1.0E+02 1.7E+04
Apr0700-W2 0 1 3 5 5 5-3-1 110 1.0E+03 1.1E+05
Apr0700-W4 0 2 0 5 5 5-0-2 43 1.0E+03 4.3E+04
Apr0700-W7 0 0 1 1 5 5-1-1 46 1.0E+02 4.6E+03
Apr0700-W8 0 1 4 5 5 5-4-1 170 1.0E+03 1.7E+05
Apr0700-W10 0 0 3 5 5 5-3-0 79 1.0E+03 7.9E+04
An approximate linear relationship was obtained with an R  ^ equal to 0.6886. 
Notice that the MPN and the plate techniques yielded similar counts when the 
concentration o f microbes was highest. However, the counts for both techniques were 
found to be very different for low concentrations. This was expected, because for high
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numbers of microbes random error in enumeration process decrease. This can be 
observed more clearly in Figure 4.6 and Figure 4.7. The former compares the difference 
between microbial numbers of plate counts and MPN using a histogram; the latter 
compares the ratio between plate counts and MPN. Notice that for the highest number of 
microbial counts, the ratios are closer to one; for the lowest numbers the ratios are below 
or well above one.
MPN '  Plate CT 
1 E *07----------------------------------------
8.&06 r -------- — y =0.5586x + 1Et06 
F? =0.6866
o 4.E+06 h
2.6*06 ♦
1.6*03
1.6*03 Z6*06 4.6*06 6.6*06 8.6*06 1.6*07
(Cr/100 frt)
Figure 4.5 Correlation between MPN and Plate Counts for Perchlorate Reducing 
Microorganisms in the Las Vegas Wash
4.4 Microcosm Testing of the Wash Water for Perchlorate Biodégradation Potential 
Current research has revealed that perchlorate has persisted in the Las Vegas Valley 
for more than ten years (Boralessa and Batista, 2000). Based on the above microbial 
ubiquity studies, the potential for natural perchlorate biodégradation in this area could be 
limited by several factors, including lack of electron donors (carbon or hydrogen).
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presence o f other competing electron acceptors, and harsh environment conditions (e.g. 
high pH and salinity).
1.E+08
E 1.E+07O
Ü 1.E + 06  I 
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£
I  l-E+05 
n
§  1.E+04
1.E+03
□ MFN ■ Pate
Figure 4.6 Histogram Representation of the Difference between MPN and Plate Counts 
for Perchlorate Reducing Microorganisms in the Wash
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Figure 4.7 Ratios of MPN to Plate Counts for Perchlorate Reducing Microorganisms in
the Las Vegas Wash
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It was hypothesized that under favorable conditions perchlorate biodégradation 
may occur naturally in the contaminated site. To verify this hypothesis, microcosm 
testing was conducted on sixty samples collected in the contaminated seepage and in the 
Las Vegas Wash area. Figure 4.8 shows the incubated samples in this study. The 
experimental procedures are described in Chapter 3, Sections 3.2.1 and 3.2.2.
Figure 4.8 Incubation of Samples for Microcosm Testing
Microcosm biodégradation testing by indigenous microbial community in the Las 
Vegas Wash area can be classified into two categories based on the initial perchlorate 
concentration in the collected samples:
High initial perchlorate content -  contaminated seepage (~ 100,000 ppb)
Low initial perchlorate content -  Las Vegas Wash water (-500 ppb).
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Samples of high perchlorate content were primarily collected around the Kerr 
McGee well area, while low perchlorate-containing samples were from within Las Vegas 
Wash. Perchlorate biodégradation was observed for most incubated samples. However 
biodégradation rates were found to be site specific.
4.4.1 Microcosm for Samples with High Initial Perchlorate Concentration
Figures 4.9a and 4.9b show representative microcosm test results for samples with 
high initial perchlorate concentration. The full record of all microcosm tests performed is 
displayed in Appendix D. For all the microcosm tests, perchlorate, nitrate, TOC, and 
sometimes chloride and chlorate concentrations were measured with time. Notice that 
when no external carbon sources, no perchlorate biodégradation was observed. This is 
demonstrated by the straight line representing the control samples. For the fully incubated 
water samples, a perchlorate consumption rate of 148-188 pg day ' during the initial 30 
incubation days is identified. In the subsequent 30 to 60 days, a reduced rate in the order 
of 33-34 pg day ' was found. The lactate added was also depleted as perchlorate was 
consumed. This implies that the indigenous perchlorate-respiring microorganisms 
acclimated quickly in the microcosms and were able to use the provided electron donor 
and electron acceptor. Notice that the water contained nitrate, which was also 
biodegraded. The microbial counts for the microcosm shown in Figine 4.19a were 
slightly higher than that for the microcosm shown in Figure 4.9b. Also notice that these 
water samples contained moderate salinity. The salinity in the microcosm test was 
calculated by adding the salinity of the water sample (calculated from the TDS) to that of 
the minerals present in the broth.
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ID: OCT2299_W4 Pabco Road Downstream 
Nitrate Change: from 13 ppm to 1.8 ppm 
Salinity(%): 0.175 CPU: 42E+3
120,000
100,000
188 ug day-1
80,000
S
2o 60,000
40,000
S.
20,000
0 0 4 - (ug/L) Control
aoif § § § §
Figure 4.9a Microcosm Testing of Perchlorate Contaminated Water 
Initial Lactate = 300 ppm. Final Lactate = 6,5 ppm; High Perchlorate, Mid Salinity
ID; OCT2299_W5 LV W ash & Pabco Road 
Nitrate Change: from 30 ppm to 1,8 ppm 
Salinity (%): 0.169 CPU: 3.3E+3
120,000
IB  90,000
I0
1 
S 
0.
60,000
30,000
*  \ , 1 ^  ug day '
^ 2 4 ^  day '
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— ♦
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Figure 4.9b Microcosm Testing of Perchlorate Contaminated Water 
Initial Lactate = 300 ppm. Final Lactate = 5.9 ppm; High Perchlorate. Mid Salinity
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4.4.2 Microcosm for Samples with High Salinity
Figures 4.10a and 4.10b show representative microcosm tests results for samples 
with high initial perchlorate concentration and high salinity levels. Similar to what was 
observed in the previous microcosm tests, perchlorate biodégradation did not take place 
without external carbon source addition. The decrease in lactate concentration (Figure 
4.10b) despite low perchlorate biodégradation is very likely due to fermentation of 
lactate. For the fully incubated water samples, a significantly lower perchlorate 
biodégradation rate (2-14 pg day'*) was identified, despite the high microbial counts of 
the samples. The major difference between these microcosm tests shown here and those 
in Figure 4.9a and 4.9b is the salinity levels. It appears that high salt content is one of the 
limiting factors impacting natural perchlorate biodégradation in the contaminated 
seepage. Recent studies (Coppola, 2000; Liu, 2000) have demonstrated that perchlorate 
biodégradation is severely hindered by the presence of high salt. Notice that the salinity 
levels in these two microcosm tests have approached that o f a saline environment, as 
defined in Chapter 2.
4.4.3 Microcosm for Samples with Low Initial Perchlorate Concentration
Figures 4.11a and 4.11b show representative microcosm test results for samples 
with low initial perchlorate concentration and low salinity. It can be observed that the 
perchlorate biodégradation rates are much smaller (0.2-2  pg day ') than those for high 
initial perchlorate concentrations. The microbial counts and the nitrate levels in these two 
samples are very similar. The salinity levels are low and therefore did not interfere with 
perchlorate biodégradation.
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ID: OCT2999_W1 Sides (ream IQQft from Wash 
Nitrate Change; from 22 ppm to 16 ppm 
Salinity (%): 0.322 CFU: 1.5E+4
120,000
100.000
80.000
11 ug dayo
60.0005o
f 40.000<aÛ. 20.000
0 0 4 - {uglL) Control
$ 8 8 8 88
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Figure 4.10a Microcosm Testing of Perchlorate Contaminated Water 
Initial Lactate = 300 ppm. Final Lactate = 8.0 ppm; High Perchlorate, High Salinity
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ID:OCT2999_W10 Trench Water in K-McGee 
Nitrate Change: from 15 ppm to 7 ppm 
Salinity (%): 0.203
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Figure 4.10b Microcosm Testing o f Perchlorate Contaminated Water 
Initial Lactate = 300 ppm. Final Lactate = 11.2 ppm; High Perchlorate, High Salinity
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ID: OCT2299_W3 W ash Up before Power Line 
Nitrate Change: from 65 ppm to 0 ppm 
Salinity (%): 0.08 CFU: 3.2E+4
800
0 0 4 - (ug/L) -m— Control
600
« 4002o
f 200
0.19 ug day '
§ §§
I
Figure 4.1 la  Microcosm Testing of Perchlorate Contaminated Water 
Initial Lactate = 300 ppm. Final Lactate = 3.2 ppm; Low Perchlorate, Low Salinity
ID: JAN2100_W1 Down from Wet Land Trail 
Nitrate Change: from 56 ppm to 0 ppm 
Salinity (%): 0.11 CFU:3.6E+4
800
0 0 4 - (ug/L) Control
600
400
ZO ug day-
200
§ S S g
Figure 4.1 lb  Microcosm Testing of Perchlorate Contaminated Water 
Initial Lactate = 300 ppm. Final Lactate = 4.7 ppm; Low Perchlorate, Low Salinity
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4.4.4 Correlation between Biodégradation Rates and Microbial Counts
The transformation of perchlorate to innocuous chloride is the result of microbial 
activity. Theroetically a larger number o f perchlorate reducing microbes would lead to 
larger perchlorate consumption rates, if sufficient electron donor and nutrients are 
available. Table 4.3 and Figure 4.12 show the correlation between microbial counts, 
initial perchlorate concentrations and perchlorate biodégradation rates. As can be seen in 
Figure 4.12, a definitive conclusion can not be drawn from the data. This could be 
because of the influence of other variables such as salinity and nitrate levels in the 
biodégradation processes. In addition, the perchlorate reducing microbes in the 
enumeration experiment have a different growth environment compared to that in the 
aqueous microcosm tests.
Table 4.3
Correlation of Biodégradation Rate and Microbial Counts
Sample ID Plate CT 
(/ml)
Initial CIO/ 
(ppb)
Rate
(ug/day)
OCT2299_W5 3.33E+03 92,815 148
OCT2299_W4 4.23E+03 99,848 188
OCT2999_W2 8.50E+03 59,080 11
0CT2999_W1 1.50E+04 88,290 11
JAN2100_W3 1.84E+04 535 1.91
OCT2999_W5 1.97E+04 266 0.34
OCT2999_W3 2.07E+04 155 0.19
JAN2100_W2 2.34E+04 561 2
NOVI999_W2 2.51E+04 758 0.92
OCT2999 W4 2.90E+04 6,140 8.18
N0V1999_W3 2.97E+04 543 0.1
N0V1999_W1 3.03E+04 454 0.45
OCT2299_Wl 3.07E+04 78 0.56
OCT2299 W3 3.23E+04 288 1.44
JAN2100 W1 3.61E+04 564 2
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Figure 4.12 Correlation of Biodégradation Rate and Microbial Counts
4.4.5 Discussion of the Water Microcosm Studies and Implications to Perchlorate 
Bioremediation in the Las Vegas Wash Area
The composition of the perchlorate-contaminated seepage in the Las Vegas Wash 
site is very different from perchlorate-contaminated waters o f California and other states. 
While the waters of other states were contaminated by the use of perchlorate, the Las 
Vegas site was contaminated by manufacturing wastes. In that respect, the Las Vegas 
water contains, in addition to perchlorate, all the other inorganic anions resulting from 
incomplete conversion of sodium chloride to perchlorate. Thus the Las Vegas site water 
contains very large amounts of chlorate and chloride. In addition, the water contains high 
levels of nitrate resulting from the manufacturing of ammonium perchlorate. The high
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salinity o f the Las Vegas seepage is unique to this site and may not be necessarily found 
in other perchlorate-contaminated groundwaters.
The results of the microcosm studies show that perchlorate biodégradation in the 
Wash and in the contaminated seepage is electron donor limited. The BOD of the seepage 
is very low, approximately 1.5 ppm (NDEP, 1999). The BOD of the wastewater effluent 
discharged to the Wash is also very low. Thus, a source of carbon for perchlorate 
biodégradation is not available to the ubiquitous perchlorate-reducing microorganisms. It 
is important to notice that in the microcosm tests the concentration of organic carbon 
decrease with time. In an actual contaminated site, such as the Las Vegas Wash, the 
carbon source would be continuous and one would not observe a decrease in 
biodégradation rate as seen in the microcosm tests. Nonetheless, the microcosms 
represent a reasonable way of investigating perchlorate biodégradation in this site.
Perchlorate biodégradation requires anaerobic conditions and oxygen has been 
documented to be a preferred electron acceptor to perchlorate. Some portions of the Wash 
are very well aerated, but in the deepest portions of the Wash it is likely that low oxygen 
levels are present. However, this research did not examine dissolved oxygen profiles in 
the Las Vegas Wash.
The nitrate concentration in the contaminated seepage is half (50 ppm as NO3 ) 
that of perchlorate (100 ppm). In the Las Vegas Wash the perchlorate concentrations are 
below 1000 ppb and the nitrate concentrations are average 56 ppm NO3 . Thus, in the Las 
Vegas Wash the nitrate concentration is about sixty times higher than that of perchlorate. 
Because nitrate (redox potential ^16 mv) is preferred to perchlorate (redox potential -110 
mv) as an electron acceptor, the quantity of carbon source required for perchlorate
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remediation in the Wash would be very high; carbon has to be provided to satisfy both 
nitrate and perchlorate reduction. In the case of the contaminated seepage, sufficient 
electron donors would have to be provided to satisfy nitrate, perchlorate and chlorate 
reduction.
High salinity was found to negatively influence perchlorate biodégradation of the 
contaminated seepage water. However, a large microbial number was obtained by MPN 
and colony counts when incubating waters from the seepage. It is likely that the small 
amount o f water needed to prepare the sequential dilutions for MPN and colony counts 
results in lower salinity and more favorable conditions for growth of indigenous 
perchlorate respiring microorganisms.
Current and future changes in the waste water treatment plants (WWTP) that 
discharge to the Wash may affect the implementation of bioremediation in the Las Vegas 
Wash. Before 1995, the concentration of nitrate in the Wash was about 8 ppm as NO; ; 
the implementation of nitrification by the WWTPs causes nitrate levels to raise to 56 ppm 
as NO] Denitrification may soon be implemented by the WWTPs. When the nitrate 
levels in the Wash were lower, the potential for perchlorate removal, using less carbon, 
was greater. The current high nitrate levels would make perchlorate bioremediation more 
costly. However, the prospect of denitrification would reverse the situation.
Sulfate reduction was not monitored in the microcosm tests, but in microcosms 
where perchlorate was depleted, hydrogen sulfide smell was noticed.
In most microcosms chloride increases were observed, as the mechanism of 
perchlorate biotransformation would indicate. It is believed that microbial decomposition 
contributes most of the increase of chloride content, based on the fact that the basal media
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provide only I ppm of background chloride and that I ppm of perchlorate can only 
produce 0.36ppm of chloride.
It is known that anaerobic process is low energy yielding process, however, the 
free energy change in the perchlorate biodégradation is considerably high as indicated in 
Chapter 2. Therefore biomass accumulation is expected in the perchlorate degradation 
process, providing the microbial activity is not limited. Figure 4.13 demonstrates an end- 
phase microcosm testing where large amount of biomass can be observed.
? Control
Figure 4.13 Accumulation of Biomass in Perchlorate Biodégradation Microcosms after
Six Months Incubation
4.5 Microcosm Testing of the Wash Soil for Perchlorate Biodégradation Potential
The sediments along the Las Vegas Wash and the soils in the Kerr McGee well 
area are contaminated with perchlorate. The soil microcosm testing in this research
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examined the potential of perchlorate biodégradation by soil microorganisms. Forty soil 
samples were collected along the Las Vegas Wash area and in the contaminated seepage 
area for microcosm testing. The experimental procedures are described in Chapter 3. 
Section 3.2.2.
4.5.1 Microcosm Tests for Samples with High Salinity
Figure 4.14a and 4.14b show representative microcosm tests results for soil 
samples with high salinity taken from the Kerr McGee well area. The salinity of these 
soils is above 0.2%. The control microcosms show that perchlorate has been barely 
biodegraded over the six-month period, indicating carbon is one o f the limiting factors to 
biodégradation in the examined soils. Fully incubated samples exhibited a slow 
perchlorate decrease rate (4-12 pg/g dried soil/day). The flat portion of the curve in 
Figure 4.14b is due to the depletion of organic carbon. Nitrate levels in the tested soils, 
along the Las Vegas Wash, range from 0 to 0.6 ppm; while in the Kerr McGee well area, 
they range from 2 to 10 ppm. Perchlorate levels in the soils varied from 0 to 400 ug/g of 
soil. The raw data for all microcosm tests are found in Appendix E.
4.5.2 Microcosm Tests for Samples with Low Salinity
Figure 4.15a and 4.15b show representative microcosm tests results for soil 
samples with low salinity. The salinity in these soils is about one order of magnitude 
lower than that found in the soils inside Kerr McGee well area. A perchlorate 
biodégradation rate of 24-30 pg/g dried soil/day was observed. Comparing these results
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to the results from the high salinity microcosm tests, the negative influence o f salinity on 
perchlorate biodégradation is obvious.
ID;Oct1300_S1 
Moisture: 0.30
Behind Kerr McGee Area 
Salinity (%): 0.30
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Figure 4.14a Soil Microcosm Tests (High Salinity)
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Figure 4.14b Soil Microcosm Tests (High Salinity)
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Figure 4.15a Soil Microcosm Tests (Low Salinity)
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Figure 4.15b Soil Microcosm Tests (Low Salinity)
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4.5.3 Discussion of the Soil Microcosm Studies and Implications for Perchlorate
Bioremediation in the Las Vegas Wash Area
The continuous transport of perchlorate from the contaminated seepage to the 
Wash has resulted in considerable deposition of perchlorate along the sediments of the 
Wash. Appendix E shows that perchlorate concentrations in the sediments vary from 0 to 
30 ug/g of soil in the Las Vegas Wash area, and are above 400 ug/g of soil in the Kerr 
McGee well area. Even if the contaminated seepage were stopped today, the sediments 
along the Las Vegas Wash and the Kerr McGee contaminated soils would serve as a 
source of perchlorate to the Wash and Lake Mead.
It was noticed that perchlorate biodégradation in the soil samples was much faster 
than that observed in the water microcosms. It is anticipated that the microbial counts for 
the soils will be much larger than those found for the water samples. The microbial 
counts for the soils were performed by another student in the research group and will not 
be presented in this thesis.
The results of the soil microcosm tests show that the potential for in situ 
bioremediation of the sediments along the Wash is high; for the Kerr McGee soils 
bioremediation also holds a potential, but it is negatively affected by the high salinity of 
the soils.
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS
Based on the results of perchlorate distribution along the Las Vegas Wash, 
microbial enumeration of perchlorate respiring microorganisms, and the water and soil 
microcosm tests in this study, the following conclusions are made:
1. Perchlorate concentrations along the Las Vegas Wash range from zero to 1000 ppb, 
while perchlorate concentrations in the contaminated seepage are approximately 100 
ppm.
2. Perchlorate concentration increase was detected starting from Pabco Erosion Control
Structure in the Las Vegas Wash; this indicated the potential of a distributed 
perchlorate source.
3. Microbial counts in 30 water samples from the Las Vegas Wash and the
contaminated seepage indicate that indigenous perchlorate-reducing microbes are 
ubiquitous in the Las Vegas Wash area and are present in reasonable numbers.
4. The microbial microcosms of the contaminated water show that when a carbon
source (electron donor) was not available, no biodégradation was observed; while 
when external carbon sources and nutrient/mineral were added, perchlorate 
biodégradation took place.
66
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5. Samples with high salinity show very low perchlorate biodégradation despite high 
perchlorate concentrations and availability of a carbon source.
6. In samples containing high NO3 and CIO4' content, NO3'  was the preferred electron 
acceptor; while in samples where perchlorate concentrations were low as compared 
to those of nitrate, complete perchlorate biodégradation was observed.
7. Under favorable conditions, perchlorate biodégradation occurred much faster in soil 
microcosms than that in water microcosms.
8. In the Las Vegas Wash, natural perchlorate biodégradation seems to be limited by at 
least three factors: the absence of electron donors, the presence of high levels of 
nitrate, and high salinity levels.
The following research efforts are recommended:
1. Investigate the optimum ratio of electron donors (including hydrogen gas) to 
electron acceptors in perchlorate biodégradation to maximize the potential for in situ 
biological removal of perchlorate.
2. Isolate and characterize pure cultures from samples that exhibit high perchlorate 
biodégradation rates in the water and soil microcosm tests.
3. With well-characterized microbial isolates, perform kinetics study on perchlorate 
biodégradation.
4. Explore the biological reduction pathways of perchlorate and isolate potential 
perchlorate reductase,
5. Quantify the influence of different salinity levels on perchlorate biodégradation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX A
SAMPLE MATRIX LOG FOR ALL WATER SAMPLE COLLECTED FOR THE
BIODEGRADATION STUDY
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Sample Matrix Log for All Water Samples Collected for the Biodégradation Study
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Sample ID Sample GPS " c r NO, S04^ TOC Cond. MPN Incu.
Description North West (ugn.) (mg/L) (mg/L) (mg/L) (mg/L) umlroa Plata
OCT0199_W1 Echo Bay Base 0 36"0T22.84' 114*54*17.79' 1120 281 63 749 9.8 2400 N Y
OCT0199_W2 Echo Bay Base 1 36«0r i 9.92' 114«S4'20.46* 978 247 63 644 17.8 2280 N Y
OCT0199_W3 Echo Bay Base 2 36«0r i 7.84’ 114*54*22.12" 924 239 75 762 5.7 2420 N Y
OCT0199_W4 Echo Bay Base Column 36®0r i 9.S6* 114*54*18.71" 1067 261 72 746 7.7 2390 N Y
OCT2299_W1 LVW Pbc. Input, before HTP Effluent Dr. Papells 78 167 42 418 4.7 1050 Y Y
OCT2299 W2 Ptx:., Close to ttie Well 36«05'12.0r 114*59*25.89' 99286 596 9.1 492 8.5 4050 Y Y
OCT2299_W3 Wash Up from Ptx:. Effluent, before Power Line 36«05'14.92* 114*59*14.17" 288 180 65 440 20.5 1050 Y Y
OCT2299 W4 Pbc. Rd. Downstream @  Pond Down #1 36*05’14.14" 114*59*16.31" 99848 1410 13 631 5.2 4100 Y Y
OCT2299_W5 LVW & Ftc. Rd.. Flow Confluence 36“05’15.92* 114*59*07.89" 92815 1439 30 967 26.3 3900 Y Y
OCT2999_W1 Side Stream 100 ft from Wash 36‘>05.270' 114*59.186* 88290 1100 22 814 23.4 8500 Y Y
OCT2999_W2 Confluence of Plume, w / Stream 36*05.254* 114*59.182’ 59080 1703 25 1276 11.3 7000 Y Y
OCT2999_W3 LVW Upstream of Confluence with KMc. 36*05.263' 114*59.159* 155 470 107 1248 15.1 2000 Y Y
OCT2999_W4 LVW Downstream of HTP Dr. Plechota 6140 168 41 516 7.4 2200 Y Y
OCT2999_W5 LVW Upstream of HTP 36*05.249' 114*59.067 266 167 32 660 22.8 2200 N Y
OCT2999_W6 Point 1, He. Channel. Dried 36*05.163' 114*59.160* 884 73 9 245 6.4 700 N N
OCT2999_W7 Point 2. He. Channel, Dried 36*05.195' 114*59.140* 4 ND ND ND 3.3 800 N N
OCT2999_W8 Point 3. He. Channel, Dump 36*05.227' 114*59.115* 3 NO ND ND 2.0 800 N N
OCT2999_W9 Ground Water Inside KMc. Area Zhong Left 63110 2017 12 1766 14.1 4200 N Y
OCT2999_W10 Trench Water inside KMc. Area Zhong Left 67650 2387 15 2328 13.4 4950 N Y
OCT2999_W11 HTP Effluent by the Rd. Zhong Left 2400 50 2.1 140 3.5 500 N Y
NOV1299_W1 East of Confluence of KMc. f^ume of LVW 36*05'16.38'' 114*58*58.63" 614 163 58 371 10.5 2200 N N
NOV1299_W2 Down, East from ConfluerKe 36*05*22.12'' 114*58*42.65" 487 144 52 315 4.8 2200 N N
NOV1299_W3 After Metal Pool by Flood Control 36*05'26.72* 114*58*23.32" 566 140 60 328 8.0 2200 N N
NOV1299_W4 After Metal Structure toward Lake LV 36*05'31.80'' 114*58*09.98" 514 110 44 249 7.8 2200 N N
NOV1999_W1 Down from FCS 36®05'25.25'' 114*58*21.48" 454 173 46 1005 3.7 2150 Y Y
NOV1999_W2 Down from FCS 36*05'32.30'' 114*58*08.26" 758 131 56 631 2.0 2100 Y Y
NOV1999_W3 Water Close to Magic Rd. 36*05'39.67" 114*5733.98" 543 164 32 1304 2.3 2200 Y Y
NOV2699_W1 KMc. Stream as It Reaches the Wash 35*05*11.78" 114*59*25.87" 510 586 7.2 1071 7.8 8000 N Y
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Sample Matrix Log for AU Water Samples Collected for the Biodégradation Study
o3 Sample ID Sample GPS CIO/ n c r NO, 804^’ TOC Cond. MPN Incu.
Description North West (ug/L) (mg/L) (mg/L) (mg/L) (mg/L) umlios Plala
3"CD NOV2699 W2 Effluent from 1. E. Treatment 36»05'10.53" 114*59*24.43" 661 454 5.2 821 2.5 7000 N Y
8 NOV2699 W3 Sample after Sandbag Barricade 36"05'11.67" 114*59*24.81" 431 627 7.7 826 1.0 8000 N Y"O NOV2699_W4 Down Stream from 1. E. Well 36*05'12.S4" 114*59*21.80" 463 1581 2.9 1094 0.8 7000 N Y
(O' NOV2699_W5 Pond down from Well 36»05'14.58' 114*59*17.21" 510 496 5.2 1355 0.9 6500 N Y3" NOV2699 W6 Upstream from HTP 38"05'16.73“ 114*59*14.07* 450 139 20 892 4.5 2100 N Y
i NOV2699_W7 Side Stream trefore Wasti 36"05'13.23’ 114*59*12.22" 842 635 13 1129 2.7 7800 N Y3CD NOV2699_W8 KMc Weii before Treatment 36“0S’16.68" 114*59*08.82" 15580 574 6.6 1132 3.5 7000 N Y
NOV2699_W9 LVW down from Contaminated Stream 36*05'15.71* 114*59*07.73" 16721 146 26 416 2.4 2100 N Y
"nc NOV2699 W10 LVW after HTP 36*05'16.7r 114*59*04.17" 0 110 11 474 3.0 2100 N Y3.3" DEC1799 W1 FCS before Lake LV 36"05'46.30" 114*56*49.45" 767 226 75 567 4.2 2250 N YCD DEC1799_W2 Down from FCS before Lake LV 36*06’05.83" 114*56*28.12" 805 261 72 532 5.0 2300 N Y
CD DEC1799_W3 Palm View of Lake LV 36*0605.94" 114*56*13.19" 796 255 59 693 6.5 2500 N Y
O JAN0700 W1 KMc Well 36"05’14.29" 114*59*23.65" 123100 805 11.6 1478 2.6 14900 N YQ.C JAN0700 W2 After Effluent from 1. E., mixed w/ well water 36*05*11.o r 114*59*24.81" 52130 1123 24.8 2404 2.2 21500 N Y
a JAN0700 W3 Pond after KMc Well 36*05*13.22" 114*59*16.70" 74760 2400 13.8 387 3.8 7500 N Y
3 JAN0700_W4 LVW belrind (before) Confluence 36*05*16.29" 114*59*10.66" 51660 165 142 443 5.3 1700 N Y
■Dg JAN0700 W5 1, E. Stream 36*05*14.67" 114*59*10.32" 97260 379 51 273 3.0 4900 N Y
3" JAN0700 we LVW before HTP 36*05.249* 114*59.067 1076 124 21.8 192 2.9 700 N Y
cr
1—H JAN0700 W7 Down from Lake LV 36*07*12.98" 114*54*30.09" 548 200 60 588 3.9 1230 N YCDQ. JAN0700 W8 Below Nortti Shore Rd. (Bridge) 36*0716.71" 114*54*19.19" 526 160 28 290 4.7 1850 N Y
g JAN0700 W9 Down from North Stwre Rd. 36*07*26.75" 114*54*00.95" 472 147 30 259 2.0 1850 N Y
3"O JAN2100 W1 Down from Wet Land Trail 36*07*39.9r 114*53*32.38" 564 240 56 494 0.8 1900 Y Y
JAN2100 W2 Down from Wet Land Trail II 36*0746.59" 114*53*14.67* 561 316 46 765 0.9 1700 Y Y
T3CD JAN2100_W3 Beginning of LV Bay after Bird 36*0748.12" 114*52*S8.9r 535 154 30.7 225 0.7 1300 Y Y
3 JAN2100 W4 Fell Down Place Dr. Plechota 0 196 40 469 1.2 1150 Y Y
(/)(/) JAN2800 W1 Vegas Valley Dry before CLVTP 36*08.175* 115*02.253* 9.9 149 10 651 0.8 2700 N Y
O JAN2800 W2 LVW Confluece w/ CLVTP Effluent 36*07.817 115*02.045* 8.6 151 42 378 1.3 1000 N Y
JAN2800 W3 LVW Half Mile down from CLVTP 36*07.383* 115*01.854* 0(1X) 83 29 173 1.4 1050 N Y
JAN2800 W4 LVW 1 Mile down from CLVTP 36*06.977 115*01.755" 0 150 39 237 2.3 1050 N Y
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Sample Matrix Log for Ail Water Samples Collected for the Biodégradation Study
o
3 Sample ID Sample GPS CIO/ ci" NO, S O / TOC Cond. MPN ncu.
O Description North West (uflA.) (mg/L) (mg/L) (mg/L) (mg/L) umhom Plala
3"
CD JAN2800 W5 LVW behind Sam Bd. Sid. 36*06.036' 115*00.997* 0 194 59 457 2.4 900 N Y
8 JAN2800 we LVW Downstream from Bd. Std. 36*05.629' 115*00.337 0 98 36 239 2.6 1400 N Y
"O JAN2800 W7 2nd Sample Down Stream from Bd. Std. 36*05.480' 115*00.054* 0 88 21 139 3.1 980 N Y
(O' JAN2600 W8 Side Stream from Wash, Duck Creek? 36*05.411* 115*00.112* 11.5 170 6 417 0.4 3100 N Y
3" JAN2800 W9 0.4 ml before HTP or 1.3 mi down Bd. Std. 36*05.343* 114*59.837 0(1X) 193 44 328 1.5 1600 N Y
i Feb1100 W1 Washed Away Structure After HTP 36*05*24.00** 114*58*20.35" 250 472 84 942 5.1 1500 Y Y
3
CD FebllOO W2 Lake LV FCS after rip-rap Rock 36*05'48.48" 114*S8'47.54" 600 326 60 672 3.9 Y Y
FebllOO W3 Effluent of KMc. 1. E. Plant Entering Wash Ms. Terri 23722 1347 17 1011 1.4 5500 Y Y
"nc Feb1100_W4 Beginning of LVW trefore CLVTP 36*08*11.03** 115*02*16.43 16.9 150 17 530 13.6 Y Y3.
3" Feb1100_W5 CLVTP Effluent 36*0745.89** 115"02*09.3r 0 238 59 536 2.2 1550 Y Y
CD Mar1000_W1 Inside KMc Well Jungle (Dead Fish) 36*05*09 22" 114*59*25.20" 69060 830 8 787 2.2 Y Y
CD Mar1000_W2 Place Where Big Fish Strewed Up 36*05*08 72" 114*59*25.95" 60350 2161 33 1450 2.2 4500 Y Y
O Mar1000_W3 Kk  ^Well Influent 36*05*09.70" 114*59*26.08" 63630 1524 20 1312 4.1 3900 Y Y
Q.C Marl000 W4 KtW: Well Effluent 36*05*09.70" 114*59*26.08" 1544 2781 2 29 0.1 4450 Y Y
a Marl000 W5 Pump Effluent Sample 36*05*18.44" 114*59*11.45" 25190 1031 23 1158 1.3 5000 Y Y
3 Mar1000_W6 Sample in Wash (Wash Blocked Way) 36*05*14.55" 114*59*03.61" 961 108 21 395 0.7 Y Y
■D
3 Apr0700_W1 P&R (Bottle not Autoclaved) Not Asked 18297 88 49 1283 2.5 N N
3" Apr0700 W2 KMc Well Effluent by Wash 36*05*15.39" 114*59*11.98" 7692 2045 28 1706 1.8 6500 N Ncr
1—H Aprt)700 W3 LVW Before the Discharge of P&R 36*05*15.98" 114*59*11.39" 658 287 54 497 3.6 1300 N N
Q. Apf0700 W4 Discharge Pipe of P&R 36*05*19.75" 114*59*07.81" 12065 297 29 489 2.5 N N
§ Apr0700 W5 LVW after tire Discharge Pipe of P&R 36*05*23.37" 114*59*03.11" 4480 295 44 515 3.1 2100 N N
3"
O Apf0700_W6 2nd Pipe from P&R 36*05*14.67" 114*59*01.61" 8505 1110 52 1428 1.9 5000 N N
Apf0700_W7 Wash by Old C. S. after all Pipe Discharge 36*05*15.03" 114*56*45.83" 471 342 69 729 3.6 1400 N N
"O
CD Apr0700 W8 Sample from Down Magic Rd. 36*05*44.63" 114*56*50.86" 956 377 69 761 3.1 1400 N N
3 Apf0700_W9 Lake LV after Lake 36*0712.33" 114*54*29.51" 814 412 73 686 3.3 2000 N N
(/)(/) Apri)700 W10 Wash after Echo Bay Bypass 36*0721.32" 114*54*15.51" 655 319 57 590 3.0 2200 N N
o Apr0700 W11 Sample after EchoBay (Dr. Plechota & Adriano) Dr. Plechota 664 228 45 510 3.0 2100 N N
May1300 W1 Sample after Pumping & Dewatering Site 36*05*15.03" 114*58*45.83" 689 350 73 733 2.9 1350 N N
May1300_W2 Sample Down from Magic fW. 36*05*44.63" 114*56*50.86" 1408 310 57 640 2.5 2000 N N
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Sample Matrix Log for Ail Water Samples Collected for the Biodégradation Study
Sample ID Sample GPS CIO, Cl NO, SO,**- TOC Cond. MPN Incu.
Description North West (ufl/L) (mg/L) (mg/L) (mg/L) (mg/L) umhos Plate
May1300_.W3 Sample Right After Lake LV 36*07'12.33" 114*54'29.51' 1450 297 58 591 2.5 2100 N N
May1300_W4 Sample After Echo Bay Bridge 36*07'21.32' 114*54'16.S1' 1442 193 41 437 2.4 2100 N N
May1300_W5 Upstream of CLVTP (Down at Bridge) 36*08.175* 115*02.253’ 0 153 9 805 1.3 2600 N N
May1300_W6 CLVTP Effluent 36*07.817 115*02.045' 0 207 81 469 3.3 1100 N N
May1300_W7 Clark County Bridge Sample Point 36*07.383' 115*01.854' 0 228 74 471 3.3 1050 N N
May1300_W8 1.5 Miles Down from W7 (Wide Wash) 36*06.036' 115*00.997 0 161 53 356 3.1 N N
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APPENDIX B
RAW DATA FOR MICROBIAL ENUMERATION OF PERCHLORATE REDUCING 
MICROORGANISMS IN THE LAS VEGAS WASH BY COLONS' COUNT
TECHNIQUE
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Microbia Enumeration of Perchlorate Reducing Micororganisnis in tlie Las Vegas \ \  ash by Colony Count Technique
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Sample
ID
CPU Count (100 uL)
Average
count/ml
ID-' 10" 5X10" 1 0 '
1 2 3 4 5 Ave. 1 2 3 4 5 Ave. 1 2 3 4 5 Ave.
Oct2299-W1 26 38 28 31 30,667
Oct2299-W2 0 0 1 0 Not Reliable
Oct2299-W3 29 28 40 32 32,333
Oct2299-W4 5 6 2 4.3 4,333
Oct2299-W5 6 1 3 3.3 3,333
OC12999-W1 14 16 X 15 15,000
OC12999-W2 7 10 X 9 8,500
Oct2999-W3 25 14 23 21 20,667
Oct2999-W4 24 27 36 29 29,000
Oct2999-W5 29 17 13 20 19,667
NOV1999-W1 30 36 X 33 267 250 312 276 30,317
Nov1999-W2 31 46 20 32 229 127 X 178 25,067
Novi 999-W3 36 20 40 32 307 241 X 274 29,700
Jan2100-W1 173 219 175 162 173 180 36,080
Jan2100-W2 183 99 77 108 X 117 23,350
Jan2100-W3 61 175 32 100 X 92 18,400
Jan2100-W4 83 54 124 141 109 102 20,440
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Microbia Enumeration of Perchlorate Reducing Micororganisms in the Las Veg;r W s^h by Colony Count Technique
Sample
ID
CFU Count (100 uL)
Average
count/ml
10-' 10" 5X10" 1 0 ’
1 2 3 4 5 Ave. 1 2 3 4 5 Ave. 1 2 3 4 5 Ave.
FebllOO. W1 71 81 77 87 67 77 76,600
Feb1100-W2 67 60 66 83 79 71 14,200
Feb1100-W3 05 79 79 69 X 81 16,100
Feb 1100-W4 198 190 X X X 194 38,800
Feb1100-W5 62 50 73 59 64 63 63,400
Mar1000-W1 26 30 32 25 31 29 2,880
Marl000-W2 30 30 19 50 32 32 3,220
Marl 000-W3 27 37 35 50 43 38 3,840
Marl000-W4 45 47 50 56 39 47 4,740
Mar1000-W5 28 41 35 20 26 30 3,000
Marl 000-w e 5 201 130 90 104 106 21,200
Apr0700-W2 46 113 82 106 X 87 162 182 152 161 169 165 16,935
Apr0700-W4 X X X X X
Apr0700-W7 143 122 192 191 173 164 32,840
Apr0700-W8 95 84 102 107 129 103 20,680
Apr0700-W10 105 112 132 126 154 126 25,160
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Sample Perchlorate Concentration (mp/L) Transmittance (%) Absorbance
ID 10° 10° 10-^ 10° 10" 10-° 10° lo r 10° 10" 10-° 10° lO" 10° 10"
Oct2299-W1 5.2 5.4 3.2 2.4 0.0 99 70 72 48 45 0.00 0.15 0.14 0.32 0.35
5.6 4.7 2.8 1.6 0.0
(5.6 ppm) 5.4 4.6 1.6 0.2 0.0
5,4 3.2 2.4 1.2 0.0
5.5 5.2 2.7 2.2 0.2
Oct2299-W2 5.6 4.9 3.6 2.1 0.5 96 97 81 79 78 0.02 0.01 0.09 0.10 0.11
5.4 3.7 2.8 1.5 0.5
5.3 3.9 3.1 1.9 0.3
5.6 5.2 4.0 2.6 0.0
5.2 4.0 3.9 2.2 0.0
Oct2299-W3 5.4 4.7 4.3 4.1 0.0 99 99 76 71 47 0.00 0.00 0.12 0.15 0.33
5.4 4.9 4.6 4.7 3.2
5.0 4.6 3.9 4.6 0.5
4.9 4.8 3.7 2.9 0.8
5.1 4.7 3.1 4.5 0.5
Oct2299-W4 5.5 3.6 4.8 3.9 0.5 99 96 83.5 83 71 0.00 0.02 0.08 0.08 0.15
5.3 4.9 4.6 3.2 0.0
5.3 4.7 5.1 3.8 0.6
5.6 5.0 4.6 2.7 0.0
4.8 4.6 4.6 2.9 0.0
Oct2299-W5 4.2 3.5 3.9 4.0 0.8 99 92.5 91 95 96 0.00 0.03 0.04 0,02 0.02
5.4 4.8 3.2 3.3 0.5
5.1 3.3 2.7 1.9 0.0
5.5 4.9 3.6 2.7 0.6
5.2 4.1 2.0 0.9 0.0
Note: Perchlorate concentrations were measured after six weeks of incubation.
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Microbia Enumeration of Perchlorate Reducing Micororganisms by MPN Technique
Sample
ID
Perc hlorate Concentfuiion (n, j/L) „ Transmittance (%) Absorbance
10*’ 10° 10-" 10° io" 10^ 10-° 10-^ 10° 10" in'” 10° 10^ 10° 10"
Oct2999-W1 0 (10X) 0.0 0.0 0.0 0.0 100 100 75 47 50 0.00 0.00 0.12 0.33 0.30
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
Oct2999-W2 0.0 0.0 0.0 0.0 0.0 100 100 92 66 41 0.00 0.00 0.04 0.18 0.39
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
Oct2999-W3 0.0 0.0 0.0 0.0 0.0 100 98 42 24 15 0.00 0.01 0.38 0.62 0.82
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
Oct2999-W4 0.0 0.0 0.0 0.0 0.0 100 93 60 54 36 0.00 0.03 0.22 0.27 0.44
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0,0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
Oct2999-W5 0.0 0.0 0.0 0.0 0(1  OX) 100 100 70 45 35 0.00 0.00 0.15 0.35 0.46
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0,0 0.0 0.0 0.0 0.0
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Microbia Ëniirnrration of Perchlorate Reducing Micororganisms by MPN Technique
Sample
ID
Perc ilm lit: L cenlration (mg/L) , Transmittance (%) Absorbance
10* 10" 10“ 10° 10" 10“" 10° lO"* 10° 10" lo-” 10° 10-“ 10° 10"
NOV1999-W1 0 (10X) 0.0 0.0 0.0 0.0 100 100 64 54 62 0.00 0.00 0.19 0.27 0.21
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
NOV1999-W2 0.0 0.0 0.0 0.0 0.0 100 91 58 50 68 0.00 0.04 0.24 0.30 0.17
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
Novi 999-W3 0.0 0.0 0.0 0.0 0.0 100 98 68 71 63 0.00 0.01 0.17 0.15 0.20
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
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Sample Perchloratp Cr,i..i,titraiion (mq/L) Transmittance (%) Absorbance
ID 10* 1u 10* 10° 10" lO'" 10*° 10“ 10° 10" 10-" 10° 10"* 10° 10"
Jan2100-W1 45.3 37.7 30.1 19.4 0.0 100 95 93 91 89 0.00 0.02 0.03 0.04 0.05
39.4 32.9 31.7 14.2 0.0
(50.2 ppm) 36.9 28.3 11.2 5.5 0.0
46.8 33.5 18.7 20.7 0.2
44.7 36.0 22.1 17.4 0.0
Jan2100-W2 44.8 39.9 33.0 23.7 0.0 100 98 91 93 86 0.00 0.01 0.04 0.03 0.07
50.2 38.6 31.0 17.1 0.0
49.3 37.0 29.7 22.5 0.0
43.7 32.5 27.4 12.2 0.0
37.1 29.8 15.2 0.8 0.0
Jan2100-W3 44.4 43.4 40.1 20.0 0.0 100 100 95 93 89 0.00 0.00 0.02 0.03 0.05
49.8 47.2 35.5 27.6 0.0
50.2 41.6 35.8 28.0 0.0
48.4 44.9 31.7 18.1 0.0
45.9 46.8 34.6 22.2 0.0
Jan2100-W4 43.6 43.7 36.5 24.6 0.0 100 99 97 93 92 0.00 0.00 0.01 0.03 0.04
33.3 27.7 19.1 8.8 0.0
39.7 45.5 37.1 13.2 0.0
38.2 42.6 33.9 16.0 0.0
39.1 44.0 36.5 27.0 0.0
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Microbia Enumeration of Perchlorate Reducing Micororganisms by MPN Technique
Sample Perchlorate Concentration (mg/L) , Transmittance (%) Absorbance
ID 10“ 10* 10"* 10° io " lO’® 10° 10“ 10° 10" 10“: 10° 10-“ 10° 10"
Feb1100-W1 62.5 55.0 49.2 39.4 0.0 100 96 86 84 81 0.00 0.02 0.07 0.08 0.09
88.3 59.2 31.5 17.9 0.0
(100 ppm) 80.7 59.4 27.8 31.1 0.0
66.3 33.9 23.6 12.9 0.0
72.8 48.5 40.0 22.6 0.0
Feb 1100-W2 89.2 56.5 59.9 31.7 0.0 100 95 93 88 86 0.00 0.02 0.03 0.06 0.07
90,6 80.1 69.7 44.9 0.0
81.4 87.8 51.5 40.0 0.0
86.3 83.3 53.8 37.0 0.0
83.0 80.5 45.7 22.9 0.0
Feb 1100-W3 83.6 54.7 68.3 7.2 0.0 100 100 98 92 86 0.00 0.00 0.01 0.04 0.07
88.7 70.2 44.1 11.0 0.0
81.4 55.4 29.8 20.6 0.0
90.2 72.7 58.8 8.1 0.0
83.5 61.3 63.7 0.0 0.0
Feb1100-W4 59.9 68.3 54.0 5.0 0.0 100 99 94 85 82 0.00 0.00 0.03 0.07 0.09
73.3 70.2 31.7 17.1 0.0
79.6 86.3 49.2 12.8 0.0
69.2 45.7 41.0 31.4 0.0
61.0 39.9 27.7 0.0 0.0
Feb1100-W5 87.9 17.4 70.6 54.0 0.2 100 100 93.5 89 88 0.00 0.00 0.03 0.05 0.06
84.4 60.6 55.8 50.2 0.0
78.4 62.2 31.0 4.7 0.0
71.1 54.0 65.5 9.0 0.0
69,0 51.4 8.9 0.0 0.0
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Sample Perchlorate Concern, uuon (mp/L) , Transmittance (%) Absorbance
ID 10'’ 10* 10“ 10° 10" 10“’ 10° 10-“ 10° 10" 10“* 10° 10-“ 10° 10"
Mar1000-W1 194.2 190.9 187.5 143.2 122.6 100 100 100 96 92 0.00 0.00 0.00 0.02 0.04
204.7 177.6 186.0 155.4 141.0
(200 ppm) 199.7 159.2 182.6 120.0 103.8
188.3 158.6 161.3 113.3 89.6
210.7 182.0 193.9 157.7 133.2
Marl 000-W2 198.2 197.5 184.2 159.6 133.9 100 100 100 98 96 0.00 0.00 0.00 0.01 0.02
184.0 177.7 156.3 138.2 130.6
191.1 199.4 191.6 143.0 152.0
201.7 192.5 199.0 152.2 144.4
200.7 205.6 178.4 139.4 134.8
Marl 000-W3 192.1 230.7 198.8 1896 iô i.7 lôô lôô 99 95 Ô3 O.OÔ 0.00 Ô.6Ô 0.02 Ô.Ô3
199.6 213.7 216.1 159.4 135.8
210.3 227.4 197.7 144.8 141.6
203.7 231.8 210.4 183.6 153.2
194.6 189.3 194.4 151.9 137.4
Marl 000-W4 204.5 200.2 193.4 155.6 200.3 100 100 99 98 90 0.00 0.00 0.00 0.01 0.05
219.7 218.3 210.0 185.0 172.4
213.0 200.1 197.2 154.8 129.4
204.9 193.4 163.3 139.5 141.6
198.3 188.8 166.4 147.6 133.0
Mar1000-W5 206.3 204.6 192.3 156.5 158.7 100 100 100 95 94 0.00 0.00 0.00 0.02 0.03
211.9 188.3 154.7 141.0 128.4
197.3 158.3 133.0 109.3 121.4
199.3 156.2 128.4 117.7 108.0
202.2 184.9 155.5 150.6 122.2
Mar1000-W6 202.4 195.3 238.2 229.6 150.8 100 100 95 94 80 0.00 0.00 0.02 0.03 0.10
223.0 213,8 220.4 158.0 141.4
217.4 203.6 202.5 146.7 121.0
220.9 200.4 184.7 152.0 127.8
205.5 188.2 158.6 150.0 136.6 OON
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Microbia Enunu-i ition of Perchlorate Reducing Micororganisms hv MPN Technique
Sample Perchlorate ConceiUfation (mg/L) , Transmittance (%) Absorbance
ID 10“" 10° 10“ 10° 10" 10“* 10"° 10“" 10° 10" 1 0 ’ 10° 10*“ 10° 10"
Apr0700-W2 115.1 114.4 104.9 74.4 0.1 100 100 96 96 95 0.00 0.00 0.02 0.02 0.02
112.2 107.6 93.9 70.9 0.0
(100 ppm) 109.3 97.7 79.0 66.0 0.0
105.0 79.3 51.4 61.6 0.0
105.2 81.1 60.1 54.7 0.8
Apr0700-W4 105.1 98.6 98.9 71.9 0.0 100 100 100 98 92 0.00 0.00 0.00 0.01 0.04
110.3 96.3 102.3 69.0 0.0
107.3 89.7 88.4 53.1 0.0
97.9 78.0 84.4 27.4 0.0
102.6 77.4 82.7 54.9 0.0
Apr0700-W7 91.4 89.0 102.6 102.4 0.0 100 97 97 95 94 0.00 0.01 0.01 0.02 0.03
100.3 94.7 93.0 84.8 0.0
98.4 101.7 87.1 80.2 0.0
110.0 90.4 77.2 70.5 0.0
103.6 92.2 89.4 81.3 0.0
Apr0700-W8 93.7 86.5 90.2 75.5 0.0 100 100 98 98 95 0.00 0.00 0.01 0.01 0.02
104,7 89.4 77.6 43.0 0.0
110.1 92.2 71.2 29.4 0.0
98.4 79.3 51.0 31.7 0.0
102.6 84.6 69.4 55.4 0.0
Apr0700-W10 94.2 105.2 102.9 79.4 35.8 100 100 99 98 98 0.00 0.00 0.00 0.01 0.01
113.0 114.6 87.1 50.5 21.7
104,4 98.4 77.8 73.6 0.0
103.4 103.2 56.3 51.3 0.0
97.6 89.3 74.2 43.0 12.0
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RAW DATA FOR MICROCOSM TESTING OF THE WASH WATER FOR 
PERCHLORATE BIODEGRADATION POTENTIAL
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INCUBATION' Monitoring Data
Sample Description; 
Sample ID:
Echo B 
OCTu
36=07'22.64" 114°54'17.79"
Volume = 100 ml Lactate: CIO4•=3:1
Date Control CIO/ Lact. CIO/ cr NO/ SO/' TOC
(ug/L) (ug/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
10/02/99 1,120 1,120 3.0 281 63 749 9.8
01/13/00 1,120 869 291 63 744
02/19/00 1,120 845
03/31/00 1,120 798
05/20/00 1,120 774
07/31/00 2.4 0(10X) 313 53 761 4.5
Total drop, % 30.9
Low Perchlorate 
Nitrate Change: from 63 to 53 
TDS: mS/m 240
CFU (per ml): n/a
Incubation
1.200
,024ugÆy ^  
0.06 uQ/day
900
600
300
FuU Control
9 g g
CD
Q.
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C/)
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■ D
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INCUBATION Monitoring Data
Sample Description: 
Sample ID:
GPS (n/w):
Echo Bay Base 1
OCT0199_W2
36W 19.92" 114°54'20.46'‘
Volume = 100 ml Lactate: CIO, = 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
CIO,
(mg/L)
cr
(mg/L)
NO,"
(mg/L)
80,='-
(mg/L)
TOC
(mg/L)
10/02/99 978 978 3.0 247 63 644 17.8
01/13/00 978 850 257 59 689
02/19/00 978 748
03/31/00 978 685
05/20/00 978 650
07/31/00 2.4 0 (10X) 288 52 721 4.1
Total drop, % 33.5
Low Perchlorate 
Nitrate Change: from 63 to 52 
TDS: mS/m 228
CFU (per ml): n/a
Incubation
1.200
900
0  28 uo/day600
300
FuU Control
! ! ! ! ? ?
CD
Q.
■D
CD
C/)
C/)
00
O s
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)W
o"3
O
8■D
CD
3.
3"
CD
CD■D
O
Q.
C
aO
3
■D
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INCUBATION Monitoring Data
Sample Description ; 
Sample ID:
Ectio Bay Base ?
OCT0199_W3
36“07’17.84"
I ow Perchlorate
Nitrate Change; from 75 to 64
TDS: mS/m 242
114°54'22.12"
Volume = 100 ml lactate: CIO/= 3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
10/02/99 924 924 3.0 239 75 782 5.7
01/13/00 924 805 258 61 776
02/19/00 924 664
03/31/00 924 527
07/31/00 2.4 0(1 OX) 285 64 726 4.1
Total drop, % 43.0
CFU (per ml): n/a
incubation
1.000
800
800
400
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Sample Description: 
Sample ID:
INCUBATION Monitoring Data
LV Wasti after Pabco Input, before Hendersen Effluent 
OCT2299 W1
Volume = 100 ml Lactate: CIO, = 3:1
Date Control
(ug/L)
CIO,-
(ug/L)
Lact.
(mg/L)
CIO,
(mg/L)
Cl
(mg/L)
NO,
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
10/23/99 79 79 300 167 42 418 4.7
11/06/99 79 0
01/13/00 79 0 173 418
02/19/00 79 0
07/31/00 3.0 0(1 OX) 188 10 459
Total drop, % 100 4.1
Low Perctilorate
Nitrate Change: from 42 to 10
IDS: mS/m 105
3.1E+04
Incubation
100
ao
60
40
FuU ConUol
CDQ.
■D
CD
C/)
C/)
00VO
CD
■ D
O
Q.
C
8
Q.
■D
CD
C/)
C/)
CD
8■D
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3.
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CD■D
O
Q.
C
ao3
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INCUBATION Monitoring Data
Sample Description; 
Sample ID;
GPS (n/w):
Pabco Well Ion E' i
OCT2299_W2
36=05'12.01" 114°59’25.89"
Volume = 100 ml Lactate; CIO, = 3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIO,'
(mg/L)
Cl
(mg/L)
NO,
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
10/23/99 99,286 99,286 300 22 596 9.1 492 8.5
11/06/99 99,286 79,150
01/13/00 99,286 55,530 1551 1491
02/19/00 99,286 54,960
03/31/00 99,286 53,300
05/20/00 99,286 54,152
07/31/00 6.7 33 1563 1.9 1455 8.7
Total drop, % 45.5
Higti Perctilorate 
Nitrate Change: from 9.1 to 1,9 
TDS: mS/m 405
CPU (per ml): n/a
Incubation
120.000
100,000
80.000
60.000
40.000
20.000
^.134 uÿday
u0 /tlay
♦ ------♦
Conuolj
$
8 1 I
CD
Q.
■D
CD
(/)(/)
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■ D
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Q.
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INCUBATION Monitoring Data
Sample Description; 
Sample ID:
Wash Up from i 
OCT2299_Wj 
36“05'14.92"
Sftluent, before Power Line
114“59’14.17"
Volume = 100 ml Lactate; CIO,'= 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
cr
(mg/L)
NO/
(mg/L)
SO,*'
(mg/L)
TOC
(mg/L)
10/23/99 288 288 300 180 65 440 20.5
11/06/99 288 86
01/13/00 288 33 183 442
02/19/00 288 0
03/31/00 288 0
07/31/00 3.2 0 (10X) 189 OdOX 446 4.2
Total drop, % 100
Low Perchlorate
Ni.. u'.u Change: from 65 to 0
TDS: mS/m 105
Incubation
400
300
u 0 / ( t a y200
Control
100
CDQ.
■D
CD
C/)
C/)
vO
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■ D
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Q .
C
8
Q .
■D
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C/)
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Sample Description: 
Sample ID:
INCUBATION Monitoring Data
Pabco Road Downstream @ Pond Down #1 
OCT2299_W4
36®05'14.14" 114=59'16.31"
Volume = 100 ml Lactate: CIO, = 3:1
Date Control CIO/ Lact. CIO/ Cl NO/ SO,* TOC
(ug/L) (ug/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
10/23/99 99,848 99,848 300 1410 13 631 5.2
11/06/99 99,848 73.590
01/13/00 99,848 50,910 1486 1402
03/31/00 99,848 45,090
05/20/00 99,848 45,032
07/31/00 6.5 31 1539 1.8 1427 6.8
Total drop. % 54.9
Higti Perchlorate 
Nitrate Change: from 13 to 1.8 
TDS: mS/m 410
CPU (per ml): 4.2E^03
Incubation
188w0/day
3 3 u o / d a y
120.000
100,000
00.000
60.000
40.000
20.000
----
- C o n u c H
I
CD
Q .
■D
CD
(/)(/)
S
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
CD
3.
3"
CD
CD■D
O
Q.
C
a
o3
T3
O
Sample Description: 
Sample ID:
GPS (n/w):
INCUBATION Monitoring Data
LV Wash & Pabco Road, Flow Confluence 
OCT2299_W5
36®05*15.92" 114=5907.89"
Volume = 100 ml Lactate; CIO, = 3:1
Date Control CIO/ Lact. CIO, Cl NO,- 8 0 / TOC
(ug/L) (ug/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
10/23/99 92,815 92,815 300 1439 30 967 26.3
11/06/99 92,815 72,100
01/13/00 92,815 49,140 1436 1364
03/31/00 92,815 48,780
05/20/00 92,815 44,312
07/31/00 5.9 16 1476 1.8 1372 6.7
Total drop, % 52.3
Hi '■chlorate
N nange: from 30 to 1.8
TL . ii .i m 390
CPU {per ml); 3.3E+03
Incubation
100.000
80,000
60.000
40,000
CoouoI20,000
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Sample Des 
Sample ID;
"II: olde Stream 100 ft from Wasfi
OCT2999_W1 
36®05.270' 114=59.186'
Volume = 100 ml Lactate: CIO, = 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
CIO,
(mg/L)
Cl
(mg/L)
NO,-
(mg/L)
SO,^
(mg/L)
TOC
(mg/L)
10/30/99 88,290 88,290 300 56 1100 22 814 23.4
01/13/00 88,290 80,100 2275 2222
03/31/00 88,290 69,450
05/20/00 88,290 69,224
07/31/00 8.0 63 2150 16 2022 18.2
T otal drop , % 21.6
High Perchlorate 
Nil le Change; from 22 to 16 
TD- mS/m 650
CPU (per ml): 1.5E+04
Incubation
120,000
00,000
60.000
30,000 ControlFull
CD
Q.
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Sample Description; 
Sample ID:
GPS (n/w):
Confluencf
OCT299'j_u2
36°05.254'
i.a .w /Stream
114=59.182'
Volume = 100 ml Lactate: CIO/ = 3:1
Date Control
(ug/L)
CIO.-
(ug/L)
Lact.
(mg/L)
CIO,-
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
10/30/99 69,990 69,990 300 65 1703 25 1276 11.3
01/13/00 69,990 61,690 1779 1762
02/19/00 69,990 60,360
03/31/00 69,990 60,477
05/20/00 69,990 59,080
07/31/00 8.9 61 1886 11 1796 9.3
Total drop, % 15.7
High Perchlorate 
Nit' Change: from 25 to 11 
Tub: inS/m 700
CPU (per ml): 8.5E+03
Incubation
11 ug/day60.000
40,000
20.000
Full Control
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Sample Description: 
Sample ID:
GPS (n/w):
LV '• .1 I); .If
C" t ^  V 3 
3b^U5.263’
mitoring Data
m of Confluence witfi Kerr McGee
114=59.159'
Volume = 100 ml Lactate: CIO/ = 3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
10/30/99 155 155 300 470 107 1248 15.1
01/13/00 155 9.1 243 630
02/19/00 155 0
03/31/00 155 0
07/31/00 3.4 0 (10X) 263 12 649 8.3
Total drop, % 100
Low ' ate
Nitrate , . _ from 107 to 12
TDS: mS/m _ lO
CPU (per ml): 2JE+Q4_____
Incubation
200
ISO
100
FuU Control
9 $ ?
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Sample Description: 
Sample ID:
INCUBATION Monitoring Data
LV Wash Upstream of Henderson Treatment
OCT2999_W4
Dr. Piechota
Volume = 100 ml Lactate: CIO, =3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIO,'
(mg/L)
Cl'
(mg/L)
NO,'
(mg/L)
so,z
(mg/L)
TOC
(mg/L)
10/30/99 6.140 6.140 300 168 41 516 7.4
01/13/00 6.140 7 239 22 641
02/19/00 6.140 0
03/31/00 6,140 0
07/31/00 3.2 O(IOX) 246 12 636 7.3
T otal d rop . % 100
H t , Perchlorate
Nil vite Change; from 41 to 12
TDS: mS/m 220
CPU (per ml): 2.9E+04
7,000
6.000
5,000 Full Control
4,000
3,000
2,000
1,000
CDQ.
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Sample Description; 
Sample ID:
GPS (n/w):
INCUBATION Monitoring Data
LV Wasti Downstream of Henderson Treatment 
OCT2999_W5
36°05.249' 114=59.067'
Volume = 100 ml Lactate: CIO/ = 3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
cr
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
10/30/99 266 266 300 167 32 660 22.8
01/13/00 266 10 241 630
02/19/00 266 9
03/31/00 266 6
05/20/00 266 0
07/31/00 3.2 0 (10X) 251 12 631 5.4
Total d rop . % 100
Low Perctilorate 
Nitrate Ctiange: from 32 to 12 
TDS. mS/m 220
CPU (per ml); 2.0E+04
Incubation
300
250
200
150
100
FuN Control
50
CDQ.
■D
CD
(/)(/)
SO00
CD
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O
Q.
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Sample Description: 
Sample ID;
GPS (n/w):
INCUBATI^''’ Moniloring Data
Grni , .Vui inside Kerr McGee Area 
OCTZÜ09 vV9
Volume = 100 ml Lactate: C |0/= 3:1
Date Control
(ug/L)
cioy
(ug/L)
Lact,
(mg/L)
CIOj
(mg/L)
cr
(mg/L)
NOj-
(mg/L)
8 0 /
(mg/L)
TOC
(mg/L)
10/30/99 63,110 63.110 300 46 2071 12 1766 14.1
01/13/00 63.110 61.580 2100 1693
02/19/00 63.110 63.090
03/31/00 63.110 62.370
05/20/00 63.110 59.200
07/31/00 11.0 48 2027 2.9 1600 22.5
Total drop, % 6,2
High Perchlorate
Nitrate Change: from 12 to 2.9
TDS; mS/m 420
CPU (per ml): n/a
Incubation
80,000
78.000
80,000
45,000
30,000
Full ConUoi16.000
? ?
CD
Q.
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c/)
c/)
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Sample Description: 
Sample ID:
GPS (n/w):
INCUBATION Monitoring Data
Trench Water inside Kerr McGee Area 
OCT2999_W10 
Zhong Left
Vo um e = 1 0 0  ml Lactate: CIO, =3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact,
(mg/L)
CIO3
(mg/L)
cr
(mg/L)
NO3
(mg/L)
SO,:
(mg/L)
TOC
(mg/L)
10/30/99 67.650 67.650 300 15 2387 15 2328 13,4
01/13/00 67.650 66.070 2365 2166
02/19/00 67.650 65.080
03/31/00 67.650 62.380
05/20/00 67.650 62.032
07/31/00 11.2 32 2246 7 1990 14.4
Total drop, % 8.3
High Perchlorate 
Nitrn'f >iange: from 15 to 7 
TD. Mio/m 495 
CPU (per ml): n/a
Incubation
B O ,0 0 0
6 0 , 0 0 0
4 0 , 0 0 0
20,000
FuU Control
S
CDQ.
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C/)
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Sample Description: 
Sample ID:
GPS (n/w):
INCUBATION Monitoring Data
Hender '.VvVTP Effluent by ttie Road 
OCl^adb_W11 
Zhong Left
Volume = 100 ml Lactate; CIO,'= 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
CIO,"
(mg/L)
Cl
(mg/L)
NOj'
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
10/30/99 2,400 2,400 300 50 2.1 140 3.5
01/13/00 2,400 488 69 210
02/19/00 2,400 433
03/31/00 2,400 263
05/20/00 2,400 216
07/31/00 2.0 0(10X) 70 0 (10X 209 10.6
Total drop. % 91.0
High Perchlorate 
Nitrate Change: from 2.1 to 0 
TDS: mS/m 50
CPU (per ml): n/a
Incubation
3 . 0 0 0
2 , 8 0 0
2.000 F u l l C o n t r o l
1 . 5 0 0
1.000
5 0 0
CD
Q .
■D
CD
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O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
CD
3.
3"
CD
CD■D
O
Q.
C
ao3
T 3
O
Sample Description; 
Sample ID:
GPS (n/w):
INCUBAT!<"'* ' lonitoring Data
Down frort’ , , ,uj Control Structure 
NOV1999_W1 (From Now On, 90ml + 10ml) 
36“05’25.25" 114=58'21.46"
Volume = 100 ml Lactate: CIO, = 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
CIDj-
(mg/L)
Cl
(mg/L)
NOa’
(mg/L)
SO,"-
(mg/L)
TOC
(mg/L)
11/20/99 454 454 300 173 46 1005 3.7
01/13/00 454 213 240 45 622
03/31/00 454 70
05/20/00 454 66
07/31/00 OdOX 0(10X) 249 44 610 9.5
Total drop, % 85.5
Low Perctilorate 
Nitrate Change; from 46 to 44 
TDS; mS/m 215
CPU (per ml); 3.0E+04
Incubation
lOOO
Full Control
600
600
400
200
0
S Is
CD
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Sample Description: 
Sample ID:
i-i .vn from Control Structure
NOV1999_W2
36=05'32.30" 114=5808.26"
Volume = 100 ml Lactate; CIO, = 3;1
Date Control
(ug/L)
CIO,-
(ug/L)
Lact,
(mg/L)
CIO/
(mg/L)
cr
(mg/L)
NO/
(mg/L)
SO,"
(mg/L)
TOC
(mg/L)
11/20/99 758 758 300 131 56 631 2.0
01/13/00 758 262 227 54 598
02/19/00 758 262
03/31/00 758 179
05/20/00 758 74
07/31/00 OdOX 0 dOX) 242 16 610 13.8
Total drop, % 90,2
Low Perchlorate 
Nitrate Change; from 56 to 16 
TDS: mS/m 210
CPU (per ml): 2.5E+Q4
,000 Incubation
FuW ' #  - Conuoi
D 92 vQ/day
0.20 uQ/day
CD
Q.
■D
CD
C/)
C/)
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Sample Description; 
Sample ID;
Water Close to Magic Road
NOV1999_W3
36“05'39.67" 114°S7'33.98"
Volume = 100 ml Lactate: CIO,-= 3:1
Date Control
(ug/L)
CIO,-
(ug/L)
Lact.
(mg/L)
CIO,-
(mg/L)
Cl
(mg/L)
NO,-
(mg/L)
SO,z
(mg/L)
TOC
(mg/L)
11/20/99 543 543 300 164 57 640 2.3
01/13/00 543 491 237 49 622
02/19/00 543 458
03/31/00 543 310
05/20/00 543 224
07/31/00 OdOX 0(1 OX) 260 43 643 11.9
Total drop. % 58.7
Lo r>erchlorate
Nil lit . ange: from 57 to 43
TÜ6 ; mo/m 220
CPU (per ml): 3.0E+04
,000 ,__________ IncubaUon
Control
800
600
400
200
CDQ.
■D
CD
C/)
C/)
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Sample Description: 
Sample ID;
INCUBATION Monitoring Data
Kerr McGee Well before Treatment 
NOV2699_W1 
36“05'11.78" i i 4»S9’25.87"
Volume = 100 mi Lactate: CIO/ = 3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIO,'
(mg/L)
cr
(mg/L)
NO/
(mg/L)
8 0 /
(mg/L)
TOC
(mg/L)
11/27/99 510 510 300 14 586 7.2 1071 7.8
01/13/00 510 0 1580 1671
02/19/00 510 0
07/31/00 23.0 O(IOX) 1591 a (10X 1616 31.2
Total d rop . % 100
Low F ' . ciiiorate
Nitr.iic Change: from 7.2 to 0
TDS: mS/m 800
CPU (per mi): n/a ______
Incubation
1000
C o n t r o lF u N
6 0 0
6 0 0
4 0 0
200
S 8
CD
Q .
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OLA
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Sample Description: 
Sample ID:
INCUBATION Monitoring Data
Effluent from Ion Excfiange Treatment 
NOV2699_W2
36®05'10.53" 114“59’24.43"
Volume = 100 ml Lactate: CIO4 =3:1
Date Control
(ug/L)
CIO,"
(ug/L)
Lact.
(mg/L)
cioy
(mg/L)
cr
(mg/L)
NC^
(mg/L)
8 0 /
(mg/L)
TOC
(mg/L)
11/27/99 661 661 300 9.8 454 5.2 821 2.5
01/13/00 661 0 1591 1680
02/19/00 661 0
07/31/00 39.0 0(1 OX) 1568 3 (10X 1502 40.2
Total drop, % 100
Low Per 
Nitrak i- 
TDS: nic.,11
rite
from 5.2 to 0
’00
CPU (per nu;, i./a
Incubation1000
ConuoIFuU
600
600
141 ug/day
400
200
0
S
CD
Q.
■D
CD
C/)
C/)
O
ON
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8■D
3.
3"
CD
CD■D
O
Q .
C
ao3
T 3
O
Sample Description; 
Sample ID:
INCUBATION Monitoring Data
Sample after Sandbag Barricade 
NOV2699_W3
36“05'11.67" 114°S9’24.81"
Volume = 100 ml Lactate; CIO4 = 3;1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
SO/
(mg/L)
TOC
(mg/L)
11/27/99 431 431 300 15 627 7.7 826 1.0
01/13/00 431 0 1589 1667
02/19/00 431 0
07/31/00 35.0 0(1 OX) 1592 OdOX 1507 40.1
Total drop, % 100
Low Perchlorate 
Nitrate Change; from 7.7 to 0 
TDS; mS/m 800
CPU (per ml): n/a_______
Incubation
1000
F u l l C o n l r o l
8 0 0
6 0 0
4 0 0
200
8
CDQ.
■D
CD
C/)
C/)
o
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8■D
3.
3 "
CD
CD■D
O
Q .
C
ao3
T3
O
Sample Description: 
Sample ID:
INCUBAT . ■ Monitoring Data
Down Slroam lu  m Ion Exctiange Well 
NOV2699_W4 
36°05'12.54" 114“59'21.80"
Volume = 100 ml Lactate: CIO, = 3:1
Date Control
(ug/L)
CIO,-
(ug/L)
Lact.
(mg/L)
CIO,
(mg/L)
Cl
(mg/L)
NOj-
(mg/L)
SO,z
(mg/L)
TOC
(mg/L)
11/27/99 463 463 300 1581 2.9 1094 0.8
01/13/00 463 0 1580 1669
02/19/00 463 0
07/31/00 40.0 0 (10X) 1609 3(10X 1680 34.8
Total drop, % 100
Low Pufctilorate 
Nitrate Ctiange; from 2.9 to 0 
TDS: mS/m 700
CPU (par ml): n/a
Incubation
1000
F u l l C o n U o I
8 0 0
6 0 0
4 0 0
200
S s
CD
Q .
■D
CD
C/)
C/)
O
00
CD
■ D
OO.
C
g
Q.
■D
CD
C/)
C/)
8"O
3.
3"
CD
CD■D
O
Q.
C
aO3
"O
O
INCUBATION Monitoring Data
Sample Description: 
Sample ID;
Pond down 
NOV26k W5 
36“05’14.58"
McGee Well
114°59'17.21"
Volume = 100 ml Lactate: CIO, = 3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIOs'
(mg/L)
Cl
(mg/L)
NOs'
(mg/L)
SO,:
(mg/L)
TOC
(mg/L)
11/27/99 510 510 300 9.3 496 5.2 1355 0.9
01/13/00 510 0 1612 1706
02/19/00 510 0
07/31/00 38.0 0 (10X) 1586 OdOX 1469 36.8
Total drop. % 100
Low Perchlorate 
Niiiaio Change: from 5.2 to 0 
TDS: mS/m 650
CPU (per rnl): n/a
Incubation
tooo
ConuoIFull
800
600
200
$8
CDQ.
■D
CD
(fi
C/)
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
3.
3"
CD
CD■D
O
Q.
C
ao3
T3
O
Sample Description; 
Sample ID:
INCUBATION Monitoring Data
U p s tr e a m  fro m  H e n d e r s o n  W W T P  
NOV2699_W6
36°05'16.73" 114°59’14.07"
Volume = 100 ml Lactate; CIO, = 3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIOs'
(mg/L)
Cl
(mg/L)
NOs'
(mg/L)
SO,:
(mg/L)
TOC
(mg/L)
11/27/99 450 450 300 137 20 892 4.5
01/13/00 450 0 251 623
02/19/00 450 0
07/31/00 3.8 0(1 OX) 226 3(10X 526 23.0
Total drop. % 100
Low Perchlorate 
Nitrate Change: from 20 to 0 
TDS: mS/m 210 
CPU (per ml): ji/a
Incubation
«000
ControlFull
600
600
400
200
S $
CDQ.
■D
CD
C/)
C/)
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
( O '
3.3"
CD
CD■D
O
Q.
C
aO3
"O
O
INCUBATIO' loniloring Data
Sample Description; 
Sample ID;
St'' j.iip before Wash 
r. . J6ü9_W7 
3b"ü5’13.23" 114“59'12.22"
Volume = 100 ml Lactate; CIO, = 3;1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIO]
(mg/L)
Cl
(mg/L)
NO,
(mg/L)
SO,:
(mg/L)
TOC
(mg/L)
11/27/99 842 842 300 23 635 13 1129 2.7
01/13/00 842 0 1965 0 2138
02/19/00 842 0
07/31/00 20.0 0 (10X) 1972 a (10X 2186 22.9
Total drop. % 100
Low Perchlorate 
Nitrate Change; from 13 to 0 
TDS; mS/m 780
CPU (per ml); n/a
Incubation
1000
8 0 0
Control
6 0 0
4 0 0
200
CDQ.
■D
CD
(/)(/)
CD
■ D
O
Q.
C
S
Q.
■D
CD
C/)
C/)
8■D
( O '
3.3"
CD
CD■D
O
Q.
C
ao3
T3
O
Sample Description; 
Sample ID:
INCUBATION Monitoring Data
Kerr McGee Stream as it Reacties ttie Wasti 
NOV2699_W8
36“05'16.68" 114“59'08.82"
Volume = 100 ml Lactate; CIO/ = 3:1
Date CiOa
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CiOj-
(mg/L)
cr
(mg/L)
NO/
(mg/L)
5 0 /
(mg/L)
TOC
(mg/L)
11/27/99 15,580 15,580 300 12.6 574 6.6 1132 3.5
01/13/00 15,580 0 1590 1679
02/19/00 15,580 0
07/31/00 44.0 0 (10X) 1530 3 (10X 1579 42.2
Total drop, % 100
High Perchlorate 
Nitrate Change: from 6.6 to 0 
TDS: mS/m 700
CPU (per mi): n/a
Incubation20.000
16.000
FuW Control12.000
4.000
CD
Q.
■D
CD
(/)(/)
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
CD
3.
3"
CD
CD■D
O
Q.
C
ao3
T 3
O
Sample Description: 
Sample ID:
GPS (n/w):
INCUBATION M'-'iiloring Data
LV Wash down from Contaminated Stream 
NOV2699_W9
36°05'15.71 " 114=5907.73"
Volume = 100 ml Lactate: CIO, = 3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIO3
(mg/L)
Cl
(mg/L)
NO,
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
11/27/99 16,721 16,721 300 146 26 416 2.4
01/13/00 16,721 0 231 607
02/19/00 16,721 0
07/31/00 43.0 0 (10X) 237 3(10X 621 54.7
Total drop, % 100
High Perchlorate 
Nitrate Change: from 26 to 0 
TDS: mS/m 210
CPU (p^mlX n/a
Incubation
20,000
1 6 , 0 0 0 Fun Control
5 . 0 0 0
S s
CDQ.
■D
CD
C/)
C/)
CD
■ D
OQ.
C
gQ.
■D
CD
C/)
C/)
8■D
3.
3"
CD
CD■D
OQ.
C
aO3
"O
o
Sample Description; 
Sample ID:
INCUBATION Monitoring Data
LV Wash after Hendersen WWTP 
NOV2699_W10
36°05*16,77" 114=5904.17"
Volume = 100 ml Lactate: CIO/= 3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
11/27/99 0 300 110 11 474 3.0
01/13/00 0 224 517
02/19/00 0
07/31/00 52.0 0(10X) 242 a (10X 541 55.5
Total drop, %
CDQ.
■D
CD
C/)
C/)
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
CD
8■D
( O '
3.3"
CD
CD■D
O
Q.
C
ao3
T 3
O
Sample Description. 
Sample ID:
GPS (n/w):
INCUBATION Monitoring Data
Flood Control Structure before Lake LV 
DEC1799_W1
36“05'46.30" 114°S6'49.45"
Volume s 100 ml Lactate: CIO,'=3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
SO/'
(mg/L)
TOC
(mg/L)
12/18/99 767 767 300 226 75 567 14.2
01/13/00 767 710 259 74 682
02/19/00 767 493
03/31/00 767 313
07/31/00 1.8 0 (10X) 279 25 690 8.3
Total drop, % 59.2
Low Perctilorate 
Nit(die Change: from 75 to 25 
TDS: mS/m 225
CPU (per ml): n/a
Incubationtooo
aoo
600
400
200 FuU Conuoi
S
CD
Q.
■D
CD
(/)(/)
en
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8■D
3.
3"
CD
CD■D
O
Q .
C
ao3
T 3
O
Sample Description; 
Sample ID;
GPS (n/w):
INCUBATION Monitoring Data
Down from Flood Control Structure before Lake LV 
DEC1799_W2
36“06'05.83" 114°S6’28.12"
Volume = 100 ml Lactate; CIO, = 3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIO,
(mg/L)
Cl
(mg/L)
NO,'
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
12/18/99 805 805 300 261 72 532 5
01/13/00 805 600 253 68 694
02/19/00 805 491
03/31/00 805 267
07/31/00 OdOX 0 (10X) 263 24 745 8.3
Total drop, % 66.8
Low Perchlorate
Nitrate Change; From 72 to 24
IDS: mS/m 230
CPU (per ml): n/a ________
Incubation
1000
000
7^9 uo/day
000
400
F u l l C o n t r o l200
CDQ.
"D
CD
C/)
C/)
O N
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
CD
3.
3"
CD
CD■D
O
Q.
C
aO3
"O
O
INCUBATION Monitoring Data
Sample Description: 
Sample ID;
Palm View of Lake LV
DEC1799_W3
36®06'05.94" 114°56’13.19"
Volume = 100 ml Lactate; CIO, = 3:1
Date Control
(ug/L)
CIO,-
(ug/L)
Lact.
(mg/L)
CIOj-
(mg/L)
Cl
(mg/L)
NOj-
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
12/18/99 796 796 300 255 59 693 6.5
01/13/00 796 665 264 51 699
02/19/00 796 350
03/31/00 796 170
07/31/00 2.5 0 (10X) 276 23.6 730 7.9
Total drop, % 78.6
Low Perchlorate 
Nitrate Change: from 59 to 23.6 
TDS: mS/m 250
CPU (per ml): n/a
Incubation
1000
aoo
000
400
200
FuW
CD
Q.
■D
CD
C/)
C/)
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
3.
3"
CD
CD■D
O
Q.
C
ao3
T3
O
INCUBATION Monitoring Data
Sample Description: 
Sample ID:
KMc Gee Well 
JAN0700_W1 
36®05’14.29" 114°59'23.65”
Volume = 100 ml Lactate; CIO,'= 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
CIO3
(mg/L)
cr
(mg/L)
NOa'
(mg/L)
SO,z
(mg/L)
TOC
(mg/L)
01/08/00 123,100 123,100 300 23 805 11.6 1478 2.6
02/19/00 123,100 58,180
03/31/00 123,100 56,120
05/20/00 123,100 53,080
07/31/00 OdOX 52 1410 2 1505 7.7
T otal drop . % 56.9
High Perchlorate 
Nitrate Change: from 11.6 to 2 
IDS: mS/m 1490
CPU (per ml): n/a
Incubation
150.000
120.000
80.000
00.000
30.000 Full Conuol
CDQ.
■D
CD
C/)
C/)
00
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
3.
3"
CD
CD■D
O
Q.
C
a
o3
T 3
O
Sample Description; 
Sample ID;
INCUBATION Monitoring Data
After Effluent from Ion Excfiange, mixed w/ well water 
JAN0700_W2
36“05'11.67" 114°59'24.81"
Volume = 100 ml Lactate; CIO, = 3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIO,
(mg/L)
cr
(mg/L)
NO,
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
01/08/00 52,130 52,130 300 16.5 1123 24.8 2404 2.2
02/19/00 52,130 21,800
03/31/00 52,130 20,580
05/20/00 52,130 18,784
07/31/00 13.0 55 1396 21 2136 10.6
Total drop. % 64.0
HIgfi Perctilorate 
Nitrate Ctiange; from 24.8 to 21 
TDS: mS/m 2150
CPU (per ml); n / a ___
Incubation
6 0 . 0 0 0
5 0 , 0 0 0
4 0 . 0 0 0
3 0 . 0 0 0
20.000
Full Conuoi10,000
!
CD
Q.
■D
CD
c/)
c/)
vo
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8
"D
3.
3"
CD
CD■D
O
Q.
C
aO3
"O
O
INCUBATION Monitoring Data
Sample Description: 
Sample ID;
Pond after Karr IVIcGee Well
JAN0700_W3
36“05'13.22" 114°S9’16.70”
Volume = 100 ml Lactate: CIO,'= 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
C lO a
(mg/L)
cr
(mg/L)
NO3
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
01/08/00 74.760 74.760 300 12 2400 13.8 387 3.8
02/19/00 74.760 25.160
03/31/00 74.760 22,540
05/20/00 74.760 23.008
07/31/00 11.0 56 1421 2 1992 8.6
Total drop , % 69.2
High Perchlorate 
Nitrate Change: from 13.8 to 2.1 
TDS: mS/m 750
CPU (per ml): n/a
incubation
80,000
60.000
40,000
20,000
FuU ConUoI
CD
Q.
■D
CD
C/)
C/)
WO
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
CD
8■D
( O '
3.3"
CD
CD■D
O
Q.
C
ao3
T3
O
Sample Description; 
Sample ID:
INCUBATION Monitoring Data
LV Wasti beiilnd (before) Confluence 
JAN0700_W4
36“05'16.29" 114°59'10.66"
Volume = 100 ml Lactate; CIO/ = 3;1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO3
(mg/L)
cr
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
01/08/00 51,860 51,860 300 165 142 443 5.3
02/19/00 51.860 1451
03/31/00 51.860 224
05/20/00 51,860 82
07/31/00 3.9 0 (10X) 257 31 599 9.8
Tolal drop. % 99,8
Higti Perctilorate
Nitrate Change; from 142 to 30.9
TDS; mS/m 170
CPU (per mj): n/a
Incubation60,000
50.000
40.000
30.000
20.000
FuU Conuoi10.000
§
CD
Q.
■D
CD
(/)(/)
lO
CD
■ D
O
Q.
C
g
Q.
■O
CD
C/)
C/)
8■D
3.CÛ
3.
3"
CD
CD■D
O
Q.
C
aO3
"O
O
INCUBATION Monitoring Data
Sample Description; 
Sample ID:
Ion Exchange Stream
JAN0700_W5
36‘>05'14.67" 114°59'10.32"
Volume = 100 ml Lactate: CIO/ = 3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
8 0 /
(mg/L)
TOC
(mg/L)
01/08/00 97.260 97.260 300 13 379 51 273 3.0
02/19/00 97.260 22.590
03/31/00 97.260 18.900
07/31/00 OdOX 57 1403 11 1492 6.4
Total drop, % 75.4
High Perchlorate 
Nitrate Change: from 51 to 11 
TDS: mS/m 490
CPU (per ml): n/a
Incubation120.000
100,000
00.000
60,000
40,000
20.000
FuU Control
CD
Q.
■D
CD
C/)
C/)
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
3.
3 "
CD
CD■D
O
Q.
C
ao3
T 3
O
Sample Description; 
Sample ID:
INCUBATION Monitoring Data
LV Wash before Hendersen WWTP 
JAN0700_W6
36“05.249' 114=59.067'
Volume = 100 ml Lactate: CIO,' = 3:1
Date Control
(ug/L)
CIO,'
(ug/L)
Lact.
(mg/L)
CIOs'
(mg/L)
Cl
(mg/L)
NOs'
(mg/L)
SO,''
(mg/L)
TOC
(mg/L)
01/08/00 1.076 1.076 300 124 21.8 192 2.9
02/19/00 1.076 369
03/31/00 1.076 110
07/31/00 3.0 0(1 OX) 265 19.8 665 8.3
Tolal drop. % 89.8
Low Perchlorate
Nitrate Change: from 21.8 to 19.8 
TDS: mS/m 70
CPU (per ml): n/a
Incubation2.000
ConvoiFull
1.600
1,200
aoo
400
0 63 uQ/day
CD
Q.
■D
CD
C/)
C/)
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8■D
CD
3.
3"
CD
CD■D
O
Q .
C
aO3
"O
O
INCUBATION Monitoring Data
Sample Description: 
Sample ID;
Down from Lake LV 
JAN0700_W7 
36%7'12.98" 114°S4'30.09"
Volume = 100 ml Lactate; CIO/ = 3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
01/08/00 548 548 300 200 60 588 3.9
02/19/00 548 348
03/31/00 548 201
05/20/00 548 178
07/31/00 3.4 0 (10X) 273 17.6 703 8.9
Total drop, % 58.1
Low Perchlorate
Nitrate Change: from 60 to 17.6
TDS: mS/m 123
CPU (per ml): n/a
Incubationaoo
C o n t r o lFuU
600
400
200
CDQ.
■D
CD
C/)
C/)
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
CD
3.
3"
CD
CD■D
O
Q.
C
a
o3
T 3
O
Sample Description: 
Sample ID:
INCUBATION Monitoring Data
Below Nortti Stiort Road (Bridge) 
JAN0700_W8
36W 16.71" 114°54’19.19"
Volume = 100 ml Lactate; CIO, = 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
CIOj-
(mg/L)
Cl
(mg/L)
No;
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
01/08/00 526 526 300 160 28 290 4.7
03/31/00 526 323
05/20/00 526 348
07/31/00 3.4 0 (10X) 274 19.5 727 8.2
Total drop, % 33.8
Low Perctilorate 
Nitrate Ctiange: from 28 to 19.5 
TDS: mS/m 185
CPU (per ml): n/a
Incubation
aoo
ControlF uN
600
0 24 ug/day
400
200
CD
Q.
■D
CD
C/)
C/)
W
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
CD
8
INCUBATION Monitoring Data
33"
(D
(D
T 3
O
Q .
Ca
o3
T 3
O
Sample Description; 
Sample ID;
GPS (n/w);
Down from North Short Road 
JAN0700_W9 
36“07'26.75" 114=5400.95"
Volume = 100 ml Lactate: CIO, = 3:1
Date Control
(ug/L)
CIO,
(ug/L)
Lact.
(mg/L)
cioy
(mg/L)
Cl
(mg/L)
NO/
(mg/L)
SO,'
(mg/L)
TOC
(mg/L)
01/08/00 472 472 300 147 30 259 2.0
02/19/00 472 172
03/31/00 472 0
07/31/00 3.6 0 (10X) 269 19.2 688 7.9
Tolal drop, % 100
Low Perchlorate 
Nitrate Change; from 30 to 19.2 
TDS; mS/m 185
CPU (per ml); n/a
Incubation
8 0 0
F u U C o n t r o l
6 0 0
4 0 0
200
0
CD
Q .
■D
CD
C/)
C/)
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8
ci'
33"
(D
(D
T 3
O
Q .
Ca
o3
T 3
O
INCUBATION Monitoring Data
Sample Description; 
Sample ID:
Down from Wet Land Trail
JAN2100_W1
36°07'39.97" 114"53'32.38"
Volume = 100 ml Lactate: CIO/ = 3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
cr
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
01/22/00 564 564 300 240 56 494 0.8
02/19/00 564 0
05/20/00 564 0
07/31/00 4.7 0(10X) 270 3 (10X 533 10.7
Total drop. % 100
Low Perchlorate 
Nitrate Change: from 56 to 0 
TDS: mS/m 105
CPU (per ml): 3.6E+04
Incubation
8 0 0
flUl Conuoi
6 0 0
4 0 0
200
CDQ.
■D
CD
C/)
C/)
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8■D
3.
3"
CD
CD■D
O
Q.
C
aO3
"O
O
INCUBATION Monitoring Data
Sample Description; 
Sample ID:
Down from Wet Land Trail II
JAN2100_W2
36“07'48.59" 114“63*14.67"
Volume = 100 ml Lactate: CIO^  =3:1
Date Control
(ug/L)
CIO,"
(ug/L)
Lact.
(mg/L)
CIO)
(mg/L)
Cl
(mg/L)
NO3
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
01/22/00 561 561 300 316 48 765 0.9
02/19/00 561 0
05/20/00 561 0
07/31/00 OdOX 0 (10X) 262 ] (10X 546 12.8
Tolal drop. % 100
Low Perchlorate 
Nitrate Change: from 48 to 0 
TDS: mS/m 120
CPU (per ml): 2.3E+04
Incubation500
FuU ConUol
600
400
200
0
CDQ.
■D
CD
C/)
C/)
to
00
CD
■ D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8
T 3»<
ci'
INCUBATION Monitoring Data
3
3 "
CD
CD■D
O
Q.
C
a
o3
T 3
O
Sample Description; 
Sample ID:
Beginning of LV Bay after Bird 
JAN2100_W3 
36°07’48.12" 114=52'58 97"
Volume = 100 ml Lactate; CIO/ =3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
cr
(mg/L)
NO/
(mg/L)
SO /
(mg/L)
TOC
(mg/L)
01/22/00 535 535 300 154 30.7 225 0.7
02/19/00 535 0
05/20/00 535 0
07/31/00 4.8 0 (10X) 275 0 (10X 582 12.0
Total drop. % 100
Low Perchlorate 
Nitrate Change: from 30.7 to 0 
TDS: mS/m 110
CPU (per ml): 1.8E+04
Incubation
800
FuU Control
600
400
200
0
CDQ.
■D
CD
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C/)
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■ D
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Sample Description: 
Sample ID:
INCUBATION Monitoring Data
Fell Down Place 
JAN2100_W4 
Dr. Piechota
Volume 3 100 ml Lactate: CIO/= 3:1
Date Control
(ug/L)
CIO/
(ug/L)
Lact.
(mg/L)
CIO/
(mg/L)
cr
(mg/L)
NO/
(mg/L)
8 0 /
(mg/L)
TOC
(mg/L)
01/22/00 548 548 300 196 40 469 1.2
02/19/00 548 0
05/20/00 548 0
07/31/00 4 0 (10X) 262 0 (10X 565 11.7
Total d rop , % 100
Low Perctilorate 
Nitrate Change: from 40 to 0 
TDS: mS/m 105
CPU (per ml): 2.0E+04
Incubation
800
FuU Conuol
600
400
200
CD
Q.
■D
CD
C/)
C/)
APPENDIX E
RAW DATA FOR MICROCOSM TESTING OF THE WASH SOILS FOR 
PERCHLORATE BIODEGRADATION POTENTIAL
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ERA Project Soil Part
Procedure Modification Record
1. Starting September 30th, 2000,
(1) Control = 10 g wet soil + 100 ml Dl H20
(2) Incu. = 10 g wet soil + 100 ml Broth
Broth = Perchlorate 100 ppm + Acetate 300 ppm + Buffer + Nutrient
2. Starting November 11th, 2000, add autoclaved control column
(1) Control = 10 g wet soil +100 ml Dl H20
(2) Autoclaved Control = 10 g autoclaved wet soil + 100 ml Broth
(3) Incu. = 10 g wet soil + 100 ml Broth
Broth = Perchlorate 100 ppm + Acetate 300 ppm + Buffer + Nutrient
3. Starting November 26th, 2000, add one more incu. column, change C : CIO/
(1) Control = 10 g wet soil +100 ml Dl H20
(2) Autoclaved Control = 10g autoclaved wet soil + 100rN Broth
(3) Incu. = 10 g wet soil + 100 ml Broth
Broth = Perchlorate 100 ppm + Acetate 500 ppm + Buffer + Nutrient
4. Starting December 20th, 2000, define carbon-control, adding acetate in it
(1) Carbon Control = 10 g wet soil + 100 ml Broth but without perchlorate
(2) Autoclaved Control = 10 g autoclaved wet soil +100rN Broth
(3) Incu. = 10 g wet soil +100 ml Broth
Broth = Perchlorate 100 ppm + Acetate 500 ppm + Buffer + Nutrient
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Soil Test Data
Sample Description: Inside Pabco road construction area In the pond where the perchlorate was stored during construction 
Collection Date: September 30. 2000
Sample ID: Sept3000_S1
GPS(N,W): 36 05,15 114 5 9 1 2
Moisture Test
Blank
(0)
Blank + Sample Moisture
St
wet dried %
73.07 93.54 90.56 14.6
Salinity Test *
Conductivity Salinity
umhos/cm mS/m %0
550 55 0.275
* Based on 10 g dried soil + 50 g Dl
Microcosm Te 
Perchlorate Added: (mg/L) 100 
Acetate Added: (mg/L) 300
Test Date
Control Incubated Sample
10.24 a 10.30 a
cio^-
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CI0 4 -
(mg/L)
NO]'
(mg/L)
TOC
(mg/L)
09/30/00 0.05 2.14 113.5 2.2 17.22
10/21/00 0.05 1.45 51.2 0(1X)
11/10/00 0.05 0(1X) 15.51 1.0 0(1X)
11/30/00 0(1X)
12/30/00 0.05 0(1X) 14.30 0(1X) 17.15
01/23/01
02/20/01
Microcosm Test
120
|)  90
E 60
I  30 
a.
0 *•
CJ
O io
- CoaUol ' •Full
ww
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■ D
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■DCD
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Soil Test Data
Sample Description: Trench Inside the Kerr McGee beside the seepage well 
Collection Dale; September 30, 2000
Sample ID: Sept3000_S2
GPS(N.W): 36 05.19 114 59.44
Moisture Test
Blank
(g)
Blank + Sam pie Moisture
wet dried %
68.46 88.87 84.87 19.6
Salinity Test *
c3. Conductivity Salinity3"CD umhos/cm mS/m %0
2000 200 1.058
T3
A • Based on 10 g dried soil + 50 g Dl
a.o3
"O
O
CDQ.
■DCD
C/)cn
Perchlorate Added; 
Acetate Added;
Microcosm Test 
(mg/L) 100
(mg/L) 300
Test Date
Control Incubated Sample
10.31 a 10.35 a
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
NOa
(mg/L)
TOC
(mg/L)
09/30/00 4.00 2.01 128.0 2.0 21.72
10/21/00 3.92 1.99 125.2 0(1X)
11/10/00 3.91 1.57 15.45 114.3 0(1X) 21.09
11/30/00 75.2
12/30/00 3.46 0(1X) 12,64 52.1 17.72
01/23/01 50.0
02/21/01 46.5
04/05/01 39.2
Microcosm Test
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Soi! Test Data
Sample Description: 
Collection Date; 
Sample ID:
GPS (N.W):
Gravel area inside the Kerr McGee Area 
September 30, 2000  
Sept3000_S3 
36 05.15 114 59,65
Moisture Test
Blank
(g)
Blank + Sample Moisture
St
wet dried %
72.98 93.78 91.77 9.7
Salinltv Test *
Conductivity Salinity
um hos/cm mS/m •Ao
2500 250 1.338
* Based on 10 g dried
Perchlorate Added: 
Acetate Added:
soil -h 50 g Dl
Microcosm Te 
(mg/L) 100 
(mg/L) 300
Test Date
Control Incubated Sample
10.19 a 10.50 a
CIO,"
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
N O /
(mg/L)
TOC
(mg/L)
09/30/00 4.01 0.64 119.0 0.68 22.95
10/21/00 3.89 117.8 0(1X)
11/10/00 3.87 0.60 15.63 116.2 0(1X) 20.10
11/30/00 116.0
12/30/00 3.57 0.55 13.89 22.4 16.79
01/23/01 21.4
02/20/01 13.3
04/05/01 3.4
Microcosm Test
ISO 
120 
"  90
s  60 I  30
a.
- Control
io
u>Ln
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■ D
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CD Soil Test Data
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Sample Description: 
Collection Date; 
Sample ID:
GPS (N,W):
Inside Kerr McGee behind Kerr McGee security building 
September 30,2000 
Sept3000_S4 
36 05.13 114 59.42
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet 1 dried %
77.24 97.27 1 94.03 16.2
3
3"
CD
CD■D
OQ.
Ca.O3
■o
o
CDQ.
■D
CD
C/)
C/)
Conductivity Salinity
umhos/cm mS/m %0
2 0 0 0 2 0 0 1.058
* Based on 10 g dried soil + 50gD I
Perchlorate Added: 
Acetate Added:
Microcosm Test 
(mg/L) 100
(mg/L) 300
Test Date
Control Incubated Sample
10.18 a 10.66 a
CIO,
(mg/L)
NO3
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
09/30/00 0.43 0.38 118.0 0.40
10/21/00 0.27 114.4 0(1X)
11/10/00 0.22 0.37 15.23 110.9 0(1X) 23.24
11/30/00 108.2
12/30/00 0(1X) 0.37 12.77 96.3 20.25
01/23/01 88.9
02/20/01 46.0
04/05/01 33.7
Microcosm Test
150
I 120
£  90I  60I  30
o.
I e
-Control Full
■D
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g
Q .
■D
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C/)
C/)
8
(O '
Sample Description: 
Collection Date; 
Sample ID:
GPS (N,W):
Soil Test Data
Inside Kerr McGee behind Kerr McGee security building 
September 30,2000  
Sept3000_S5 
36 05.10 114 59,40
Moisture Test
Blank
(0)
Blank + Sample Moisture
wet 1 dried %
67.39 87.49 1 85.82 8.3
Salinity Test *
C Conductivity Salinity
3 "
CD umhos/cm mS/m % 0
1500 150 0.782
"O
O
* Based on 10 g dried soil + 50 g Dl
Q .
C
a
o
3
"O
Perchlorate Added: 
Acetate Added:
Microcosm Test 
(mg/L) 100 
(mg/L) 300
o
3 " Control Incubated Sample
g Test Date 10.22 a 10.60 q
CD
Q .
$
CIO,
(mg/L)
NO3
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
NO3
(mg/L)
TOC
(mg/L)
3 "
o 09/30/00 0.23 1.03 121.0 1.08 18.10
10/21/00 0,20 120.8 0(1X)
"O
CD 11/10/00 0.12 0.48 14.54 110.0 0(1X)
3 11/30/00 93.4
C/)(/) 12/30/00 0.10 0(1X) 12.59 3.24 16.39
o 01/23/01 0(1X)
02/20/01 0(1X)
Microcosm Test
I» 120 
S  90
J 60
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-Control • ■Full
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■ D
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Soi! Test Data
Sample Description; 
Collection Date; 
Sample ID;
GPS (N,W);
Clay sample from Inside old storage area 
September 30,2000  
Sept3000_S6 
36 05.15 114 59.12
Moisture Test
Blank Blank + Sample Moisture
(g) wet dried %
69.73 69.91 88.51 6.9
Salinltv Test*
Conductivity Salinity
umhos/cm mS/m %0
180 18 0.087
* Based on 10 g dried soil + 50 g Dl
Perchlorate Added; 
Acetate Added;
Microcosm Test 
(mg/L) 100
(mg/L) 300
Test Date
Control Incubated Sample
10.74 a 10.07 a
CIO,
(mg/L)
NO,
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
NO3
(mg/L)
TOC
(mg/L)
09/30/00 0.05 0(1X) 118.3 0(1X) 43.46
10/21/00 0.00 47.2 0(1X)
11/10/00 0.00 0(1X) 33.79 0.5 0(1X) 44.48
11/30/00 0(1X)
12/30/00 0(1X) 0(1X) 30.29 0(1X) 39.13
01/23/01
02/20/01
Microcosm Test
^  150  ^ 120 
“  90
_ 60 I  30
CL
I
0 »
i e e
O
-Control * -Full
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C
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CD Soil Test Data
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C/)
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Sample Description; 
Collection Date: 
Sample ID;
GPS (N.W);
Cleared area inside the tamaris forest behind Kerr McGee area 
October 13,2000 
Oct1300_S1 
36 05,17 114 59.64
Moisture Test
Blank
(g)
Blank + Samole Moisture
wet dried %
76.04 96.88 90.57 30.3
3
3"
CD
CD■D
OQ.
C
aO3
"O
o
CDQ.
■D
CD
C/)
C/)
Conductivity Salinity
umhos/cm mS/m %0
4100 410 2.258
* Based on 10 g dried soil + 50gD I
Perchlorate Added; 
Acetate Added;
Microcosm Test 
(mg/L) 100
(mg/L) 300
Test Date
Control Incubated Sample
10.10 a 10.32 a
CIO,
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
NO,
(mg/L)
TOC
(mg/L)
10/14/00 33.03 10.52 155.2 10.64 50.59
11/10/00 29.05 9.73 21.13 142.8 34.43
11/30/00 120.6
12/30/00 26.11 5.02 21.67 105.8 0(1X) 28.78
01/23/01 77.1
02/20/01 66.7
04/05/01 44.3
Microcosm TesI
Ê  120
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Sample Description: 
Collection Date: 
Sample ID:
GPS (N,W):
Soi! Test Data
Gravel area inside Kerr McGee area (sandy soil) 
October 13, 2000 
Oct1300_S2 
36 05.15 114 59.64
Moisture Test
Blank Blank + Sample Moisture
(g) wet dried %
72.46 93.2 91.33 9.0
Salinity 1rest *
Conductivity Salinity
um hos/cm mS/m %0
3 5 0 0 3 5 0 1 .9 0 9
* Based on 10 g dried soil + 50 g Dl
Perchlorate Added: 
Acetate Added:
Microcosm Test 
(mg/L) 100
(mg/L) 300
Test Date
Control Incubated Sample
10.37 a 10.22 a
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
NO,
(mg/L)
TOC
(mg/L)
10/14/00 31.80 0.82 144.0 0.80 76.15
11/10/00 27.77 32.60 111.8 0(1X) 31.53
11/30/00 102.4
12/30/00 21.56 0(1X) 30.88 90.4 0(1X) 20.64
01/23/01 90.0
02/20/01 90.0
04/05/01 89.5
Microcosm Test
E 80
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Sample Description: 
Collection Date: 
Sample ID:
GPS (N.W):
Soil Test Data
Inside the Pabco Road construction area in the pond where perchlorate were stored during the const. 
October 13, 2000 
Oct1300_S3 
36 05 19 114 59.24
■D
Moisture Test
CO3" Blank Blank + Samole Moisture
9 (0) wet dried %<
3 75 95.53 93.59 9.4
"n Salinity Test *
3 - Conductivity Salinity
CD umhos/cm mS/m %0
CD 150 15 0.072
"O
O * Based on 10 g dried soil + 50 g Dl
Perchlorate Added: 
Acetate Added:
Microcosm Test 
(mg/L) 100
(mg/L) 300
Test Date
Control Incubated Sample
10.98 a 10.55 a
CIO,-
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
10/14/00 1.35 0.96 82.5 0.92 60.41
11/10/00 0.11 16.50 0.2 0(1X) 22.24
11/30/00 0(1X)
12/30/00 0(1X) 0(1X) 14.76 0(1X) 0(1X) 18.10
01/23/01
02/20/01
Microcosm Test
^  160 
I* 120 
“  8 0I 4 00.
- Control —B —Full j
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Sample Description: 
Collection Date: 
Sample ID:
GPS (N.W):
Soil Test Data
Sediment along the wash after the pabco road flood control structure 
October 13, 2000 
Oct1300_S4 
36 05 37 114 58.68
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
80,5 100.7 99.06 8.1
p-
3"
CD
CD■o
OQ.C
aO3
■ a
o
CDQ.
■o
CD
C/)
C/Î
Conductivity Salinity
umhos/cm mS/m %.
100 10 0.047
* Based on 10 g dried soil + 50 g Dl
Perchlorate Added; 
Acetate Added:
Microcosm Test 
(mg/L) 100
(mg/L) 300
Test Date
Control Incubated Sample
10.44 Q 10.63 a
CIO,
(mg/L)
NCY
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
10/14/00 0.16 1.22 60.3 1.25 46.55
11/10/00 0.05 16.56 0.2 0(1X) 20.56
11/30/00 0(1X)
12/30/00 0(1X) 0(1X) 13.61 0(1X) 0(1X) 16.70
01/23/01
02/20/01
Microcosm Test
160
if  120 
“  80IQ.
I
O
'Control '
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CD Soil Test Data
c/)
c/)
8
T 3
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Sample Description; 
Collection Date: 
Sample ID:
GPS (N,W):
Close to the SNWA structure: sediment along the wash after the pabco flood control structure 
October 13,2000 
Oct1300_S5 
36 05.41 114 58.61
Moisture Test
Blank
(a)
Blank + Sample Moisture
wet dried %
69.07 8 9 6 85.87 18.2
3
3"
CD
CD■D
OQ.
Ca.O3
"O
o
CDQ.
■D
CD
C/)
C/)
Conductivity Salinity
um hos/cm mS/m %0
8 0 8 0 .0 3 7
* Based on 10 g dried soil + 50gD I
Perchiorate Added; 
Acetate Added:
Microcosm Test 
(mg/L) 100
(mg/L) 300
Test Date
Control Incubated Sample
11.1 0 a 10.69 a
CIO4
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
10/14/00 0.04 2.24 33.46 66.1 2.17 55.98
11/10/00 0.04 1.75 18.59 0.46 0(1X) 20.86
11/30/00 0(1X)
12/30/00 0.03 1.02 13.06 0 (1^ 0(1X) 15.81
01/23/01
02/20/01
Microcosm Test
160
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^  8 0
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Sample Description; 
Collection Date: 
Sample ID;
GPS (N.W);
Soil Test Data
Beginning of Las Vegas Wash behind Las Vegas WWTP 
November 10,2000 
Nov1000_S1 
36 07.86 115 02.07
Moisture Test
(O
O
Blank
<g)
Blank + Samole Moisture
wet dried %
$
3 7 6 .0 3 96 .34 94 .67 8 .2
CD
"n Salinity Test *c
3. Conductivity Salinity
3"
CD umhos/cm mS/m %0
;:5
1 200 120 0 .6 1 9
Based on 10 g dried soil + 50gDI
Perchlorate Added; (mg/L) 
Acetate Added; (mg/L)
Microcosm Test 
100 
300
Test Date
Control A-Control Incubated Sample
10.20 q 10.31 g 10.26 q
CI04'
(mg/L)
NCY
(mg/L)
TOC
(mg/L)
CIÜ4-
(mg/L)
CIÜ4-
(mg/L)
NO)
(mg/L)
TOC
(mg/L)
11/10/00 0.13 8.26 13.91 112.0 117.8 8.20 20.27
11/30/00 110.8 62.9
12/30/00 0.12 0(1X) 7.37 34.2 0(1X) 9.7
01/23/01 12.6 7.9
02/20/01 110.9 0(1X)
M icrocosm  T est
150
s 12090
EO 60
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I I
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-Control O A-Control —B— FulT]
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CD Soil Test Data
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Sample Description: 
Collection Date: 
Sample ID:
GPS (N.W):
In the Las Vegas wash aller the effluent from the Las Vegas WWTP 
November 10, 2000 
Nov1000_S2 
36 07 69 115 02.01
Moisture Test
Blank Blank + Sample Moisture
(9) wet dried %
72.46 92.75 91.40 6.7
Salinity Test *
Conductivity Salinity
umhos/cm mS/m %0
50 5 0.022
* Based on 10 g dried soil + 50gD I
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
Microcosm Test 
100 
300
Test Date
Control A-Control Incubated Sample
10.65 a 10.18 g 10.25 a
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
11/10/00 0(1X) 2.36 9.14 115.6 113.7 2.27 19.47
11/30/00 113.2 51.7
12/30/00 0(1X) 0(1X) 8.82 14.0 0(1X) 11.65
01/23/01 1.68 11.39
02/20/01 112.9 0(1X)
Microcosm Test
150
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I  60
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g
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Sample Description: 
Collection Date; 
Sample ID:
GPS (N.W):
Soli Test Data
Sediment very close to water (sediment was very wet) just before the Ciarck County Sanitary District 
November 10, 2000 
Nov1000_S3 
36 07.12 115 01.78
Moisture Test
CQ
3 " Blank Blank + Samole Moisture
9 (g) wet dried %S
3 74.99 95.24 90.42 23.8
■n Salinity Test *
Conductivity Salinity
CD umhos/cm mS/m %Q
110 11 0.052
* Based on 10 g dried soil + 50gDI
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
Microcosm Test 
100 
300
Test Date
Control A-Control Incubated Sample
11.07 a 12.18 g 10.24 a
c io ^ -
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CI04'
(mg/L)
CIO4
(mg/L)
NGj-
(mg/L)
TOC
(mg/L)
11/10/00 0(1X) 1.80 9.36 115.3 109.3 1.63 20.2
11/30/00 112.7 0.9
12/30/00 0(1X) 0(1X) 8.31 0(1X) 0(1X) 12.32
01/23/01 0(1X) 12.34
02/20/01 110.8
Microcosm TesI
ISO
3  120 
E% 90
ÊS  RO
i
-Control O A-Conlrol • -Full
CD
■ D
O
Q .
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g
Q .
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Soil Test Data
Sample Description; Soii near Las Vegas Wash in the Clark County Sanitation District before the bridge 
Collection Date: November 10, 2000
Sample ID: Nov1000_S4
GPS(N.W): 36 06.69 115 01.73
Moisture Test
CQ
o
Blank
(g)
Blank + Samole Moisture
wet dried %
3 80.49 100.94 96.95 19.5CD
"n Salinity Test *
c
3. Conductivity Salinity
3 "CD u m h o s /c m mS/m %0
1200 120 0.619
• Based on 10 g dried soii + 50 g Dl
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
Microcosm Test 
100 
300
Test Date
Control A-Control Incubated Sample
11.91 a 10.93 g 11.04a
CK%
(mg/L)
NOy
(mg/L)
TOC
(mg/L)
CI04-
(mg/L)
CIO4
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
11/10/00 0(1X) 0.39 9.42 112.4 114.9 0.37 15.71
11/30/00 7.1
12/30/00 0(1X) 0(1X) 7.92 0(1X) 0(1X) 13.58
01/23/01 0(1X) 12.2
02/20/01 110.1
Microcosm Tost
150
3  120
9 0
6 0
3 0
Control O A Control Full
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
CD
8■D
O
Q .
aO
■D
O
CD
Q .
■D
CD
C/)
C/)
Sample Description; 
Collection Date: 
Sample ID;
GPS (N,W);
Soil Test Data
Down from Clack County Sanitation In the Parks and Recreation rip-rap 
November 10, 2000 
Nov1000_S5 
36 05.63 115 00.29
Moisture TestCQ3" Blank Blank + Sample Moisture
9 (g) wet dried %53 69.07 90.32 85.01 25.0
■n Salinity Test *
Conductivity Salinity
CD umhos/cm mS/m %,
90 9 0.042
Based on 10 g dried soil + 50gD I
Perchlorate Added; (mg/L) 
Acetate Added: (mg/L)
Microcosm Test 
100 
300
Test Date
Control A-Control Incubated Sample
10.87 a 10.97 g 10.67 a
CK%
(mg/L)
NCY
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
11/10/00 0(1X) 2.66 7.80 115.6 109.4 2.57 17.22
11/30/00 40.3
12/30/00 0(1X) 0(1X) 6.86 0(1X) 0(1X) 8.99
01/23/01 0(1X) 9.02
02/20/01 113.3
Microcosm Test
150
II  “£ . 30
i
o
■ Control O A-Control
4^
00
CD
■ D
O
Q .
C
g
Q .
■D
CD Soil Test Data
c/)
c/)
CD
8■D
CQ'
O
Q .
aO
■D
O
CD
Q .
■D
CD
C/)
C/)
Sample Description: Before the Ion exchange 
Collection Date; November 26, 2000
Sample ID: Nov2600_S1
GPS(N.W): 36 05.06 114 59.29
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
76,02 96.43 94.81 7.9
Salinity Test *
C
3 . Conductivity Salinity3"
CD umhos/cm mS/m %0
70 7 0.032
* Based on 10 g dried soil + 50 g Dl
Perchlorate Added: (mg/L) 100
Acetate Added: (mg/L) 500
Microcosm Test
150
60
30a.
0»
ê
- Control O A-Control ' -Full A Full B
Microcosm Test
Test Date
Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.40 a 10.51 g 10.17 a 10.78 a
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
NO3
(mg/L)
TOC
(mg/L)
11/30/00 0.07 1.33 9.12 107.5 118.2 1.27 41.39 118.0 1.37 21.29
12/30/00 0(1X) 102.7 105.4
01/23/01 0(1X) 0(1X) 8,31 79.8 0(1X) 20.83 84.4 0(1X) 18.03
02/20/01 0(1X) 20.00 0(1X) 17.1
04/05/01 104.9 0(1X) 0(1X)
CD
■ D
O
Q .
C
8
Q .
■D
CD Soil Test Data
c/)
c/)
8■D
3.
3"
CD
CD"O
O
Q .
O
3
■D
O
CD
Q .
■D
CD
C/)(/)
Sample Description: Along ttie Kerr McGee fence before ttie Ion exchange
Collection Date: November 26,2000 ______
Sample ID: Nov2600_S2
GPS(N,W): 36 04.81 114 59.42
Moisture Test
Blank
(0 )
Blank + Samole Moisture
wet dried %
72.46 92.63 91.76 4.3
Sallnitv Test"
Conductivity Salinity
umhos/cm mS/m %0
2400 240 1.281
Based on 10 g dried soil + 50 g Dl
Perchlorate Added; (mg/L) 100
Acetate Added: (mg/L) 500
Microcosm Test
Microcosm Test
I
£
• Contiot O A-Contiot ■ • Full A —A— Full B
Test Date
Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
11.06 a 11.15g 11.53 a 11.26 a
CIO,
(mg/L)
NO /
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
CIO,-
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
c io ,-
(mg/L)
NO3-
(mg/L)
TOC
(mg/L)
11/31/00 4.97 0.74 9.45 121.7 120.9 0.81 23.30 122.8 0.79 23.87
12/30/00 4.15 112.8 116.7
01/23/01 4.12 0(1X) 9.44 105.8 0(1X) 19.58 102.5 0(1X) 16.19
02/20/01 103.7 14.61 100.2 15.85
04/05/01 119.8 100.3 99.1
Lf,O
7J
CD■D
OÛ.
C
gÛ.
"O
CD
(/)(/)
8■D
3.
C Q
Soil Test Data
3.3"
CD
CD■D
OÛ.C
aO3
"O
o
CDÛ.
■D
CD
(/)(/)
Sample Description: Along the Kerr McGee fence before the Ion exchange
Collection Date: 
Sample ID:
GPS (N,W):
November 26, 2000
Nov2600_S3
36 04.68 114 59.41
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
74.99 95.29 93.97 6.5
Sallnitv Test*
Conductivity Salinity
umhos/cm mS/m %„
60 6 0.027
* Based on 10 g dried soil + 50gD I
Perchlorate Added: (mg/L) 100
Acetate Added: (mg/L) 500
Microcosm Test
Microcosm TesI
150
100
50
O o o
Full A FulIBControl O A-Control
Test Date
Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.76 a 10.30 g 10.16 a 10.45 a
CIO,-
(mg/L)
NOj-
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CIO,
(mg/L)
NO3
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
NO3-
(mg/L)
TOC
(mg/L)
11/30/00 0.16 0(1X) 7.67 115.9 116.3 0(1X) 20.67 116.7 0(1X) 21.27
12/30/00 0(1X) 106.4 114.9
01/23/01 0(1X) 0(1X) 7.32 52.6 0(1X) 18.93 79.1 0(1X) 18.85
02/20/01 0.7 18.61 0(1X) 18.59
04/05/01 114.2 0(1X) 0(1X)
CD"O
O
Q .
C
g
Q .
■D
CD Soil Test Data
c/)
c/)
CD
8■D
C Q '
3.
3"
CD
CD■D
O
Q .
C
a
o3
T 3
O
(D
Q .
T 3
(D
(/)
(/)
Sample Description; 
Collection Date; 
Sample ID;
GPS (N.W);
Along the Kerr McGee fence before the Ion exchange 
November 26, 2000 
Nov2600_S4 
36 04.48 114 59,38
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
80.49 100.73 99.57 5.7
Sallnitv Test*
Conductivity Salinity
umhos/cm mS/m
2600 260 1.394
* Based on 10 g dried soil + 50 g Dl
Perchlorate Added: (mg/L) 100
Acetate Added: (mg/L) 500
Microcosm Test
Microcosm TesI
■'Control O A-Control ■ “Full A —A -FulIB
Test Date
Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.11 Q 10.15 g 10.85 Q 10.14 a
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CIO,-
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
c io ,-
(mg/L)
NO3-
(mg/L)
TOC
(mg/L)
11/30/00 7.23 0(1X) 8.62 120.4 124.0 0(1X) 21.41 126.5 0(1X) 28.94
12/30/00 6.41 116.9 114.8
01/23/01 1.26 0(1X) 8.65 110.4 0(1X) 15.35 105.9 0(1X) 16.55
02/20/01 103.7 14.93 105.8 16.35
04/05/01 116.9 100.2 101.4
LAto
CD
■ D
O
Q.
C
g
Q.
■D
CD
C /î
C /)
8■D
Soil Test Data
3.
3"
CD
CD■D
O
Q.
C
aO3
"O
O
CD
Q.
■D
CD
C/)
C/)
Sample Description; North Shore Road under the bridge 
Collection Date: December 20, 2000
Sample ID: Dec2000_S1
GPS(N.W): 36 07.30 114 54.29
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
76.03 96.28 91.12 25.5
Salinity Test*
Conductivity Salinity
umhos/cm mS/m %0
110 11 0.052
* Based on 10 g dried soil + 50 g Dl
Perchlorate Added: (mg/L) 100
Acetate Added: (mg/L) 500
Microcosm Test
160
'I' 120
I 60
I  40 
êt
p p pe O)p p
o o O OO
• Control O  A 'C ontfol •Full A A  F ulIB  I
Microcosm Test
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.71 a 11.23 g 10.51 a 10.43 a
CIO,'
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
CIO,'
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
12/21/00 0(1X) 0.65 25.87 106.2 118.2 0.58 34.39 110.0 0.57 28.37
01/23/01 OdX) 0(1X) 0(1X)* 0(1X) 0(1X)* 0(1X)
02/20/01 22.41 106.0 0 (IX)* 11.43 0(1X)* 9.62
Uk
CD
■ D
O
Q.
C
3
Q.
■D
CD
C/)
C /)
CD
8
Soil Test Data
3
3"
CD
CD■D
O
Q.
C
aO3
"O
O
CD
Q.
■D
CD
C/)
C/)
Sample Description: 
Collection Date; 
Sample ID;
GPS (N.W);
Nortti Shore Road by the Lake LV east side 
December 20, 2000 
Dec2000_S2 
36 07,28 114 54.43
Moisture Test
Blank Blank + Sample Moisture
(g) wet dried %
72.46 93.35 87.74 26.9
Salinity Test*
Conductivity Salinity
umhos/cm mS/m %0
115 11.5 0.054
Based on 10 g dried soil + 50gDI
Perchlorate Added; (mg/L) 100
Acetate Added; (mg/L) 500
Microcosm Test
160
3
I» 120
i  80
1 40
S.
o
i
CO
[—■ —Control O A-Control Full A A FulIB
Microcosm Test
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.44 a 10.94 g 10.69 0 10.40 a
CIO,
(mg/L)
NO,
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CIO,-
(mg/L)
NOg-
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
NO3-
(mg/L)
TOC
(mg/L)
12/21/00 0(1X) 0(1X) 20.56 101.1 112.1 0(1X) 25.37 107.0 0(1X) 31.04
01/23/01 0(1X) 0(1X) 0(1X) 0(1X) 0(1X) 0(1X)
02/20/01 19.78 97.7 0(1X) 11.64 0(1X) 9.65
CD
■ D
O
Q .
C
g
Q .
■D
CD Soil Test Data
(/)
c/)
8■D
CD
3.
3"
CD
CD■D
O
Q .
C
a
o3
T 3
O
(D
Q .
T 3
(D
(/)
(/)
Sample Description; 
Collection Date: 
Sample ID:
GPS (N.W):
Moisture Test
Blank Blank + Sample Moisture
(g) wet dried %
74.98 95.15 94.06 5.4
Sallnitv Test"
Conductivity Salinity
umhos/cm mS/m %o
700 70 0.353
Based on 10 g dried soil + 50gD I
Perchlorate Added: (mg/L) ICO
Acetate Added: (mg/L) 500
Down stream from North Shore Road Hiking trali (high sait area) 
December 20, 2000 
Dec2000_S3 
36 07.50 114 53.82
Microcosm Test
160
"a 120
f  80
I  40 £
I i p
o
- Control o  A-Control -FullA - A- FulIB
Microcosm Test
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.20 a 10.23 g 10.37 a 10.76 a
CIO,"
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
CIO,'
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
NOa
(mg/L)
TOC
(mg/L)
12/21/00 0(1X) 0(1X) 26.66 107.1 106.3 0(1X) 22.53 108.4 0(1X) 27.21
01/23/01 0(1X) 0(1X) 0(1X) 0(1X) 0(1X) 0(1X)
02/20/01 25.00 104.9 0(1X) 10.97 0(1X) 9.45
CD
■ D
O
Q.
C
g
Q.
■D
CD Soil Test Data
(/)
c/)
8■D
3.
3"
CD
CD■D
O
Q.
C
aO3
"O
O
CD
Q.
■D
CD
C/)
C/)
Sample Description: Down stream from Nortti Stiore Road Hiking tr^ (fire material) 
Collection Date; December 20, 2000
Sample ID: 
GPS (N.W):
Dec2000_S4 
36 07.49 114 53.83
Moisture Test
Blank
(g)
Blank + Samole Moisture
wet dried %
80.48 100.51 96.31 21.0
Sallnitv Test*
Conductivity Salinity
umtio8/cm mS/m %o
115 11.5 0.054
• Based on 10 g dried soil + 50 g Dl
Perchlorate Added: (mg/L) 100
Acetate Added: (mg/L) 500
Microcosm Test
160
t 120
I  80
I  ^Q.
I
O o
É -Control O A-Control ■Full A - A - FulIB I
Microcosm Test
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.15a 10.34 g 11.04 a 10.60 a
CIO,'
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
CIO,
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
12/21/00 0(1X) 0(1X) 14.94 107.1 106.8 0(1X) 18.81 104.6 0(1X) 18.06
01/23/01 0(1X) 0(1X) 0(1X) 0(1X) 0(1X) 0(1X)
02/20/01 12.54 106.5 0(1X) 9.59 0(1X) 12.21
o\
CD
■ D
O
Q .
C
g
Q .
■D
CD Soil Incubation Data
c/)
(/)
8"O
3.
3"
CD
CD■D
O
Q .
C
a
o3
T 3
O
(D
Q .
T 3
(D
(/)
(/)
Sample Description: Down stream from Nortii Shore Road and Hiking 
Collection Date: December 20, 2000
Sample ID: Dec2000_S5
GPS(N.W): 36 07.61 114 53.63
Moisture Test
trail
Blank
(g)
Blank + Samole Moisture
wet dried %
69.06 90.7 86.77 18.2
Salinity Test *
Conductivity Salinity
um hos/cm m S/m %0
8 0 8 0 .0 3 7
Microcosm Test
1 60  
 ^ 120 
I  6 0
1 4 0
S.
s i
o o o
-Control o A-Conlfol •Full A -A FulIB
Microcosm Test
Perchlorate Added: (mg/L) 100
Acetate Added: (mg/L) 500
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.30 a 10.23 g 10.63 a 10.22 a
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
12/21/00 0(1X) 0(1X) 19.63 108.8 101.0 0(1X) 31.36 109.5 0(1X) 27.99
01/23/01 0(1X) 0(1X) 0(1X) 0(1X) 0(1X) 0(1X)
02/20/01 17.19 101.7 0(1X) 9.56 0(1X) 10.99
CD
■ D
O
Q .
C
g
Q .
■D
CD Soi! Test Data
c/)
c/)
8■D
3.3"
CD
CD■D
OÛ.
C
a
o3
T 3
O
CD
Q .
T 3
CD
(/)
C /î
Sample Oescriplion: Las Vegas Wash bank after the second flood control structure
Collection Date: 
Sample ID:
GPS (N.W):
January 19. 2001 
Jan1901_S1 
36 05.43 114 56.37
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
76.03 96.42 94.93 7.3
SaliniW Test *
Conductivity Salinity
umhos/cm mS/m %0
600 60 0.301
* Based on 10 g dried soil + 50gD I
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
Microcosm Test
160
I» 120 
f  80
I  40
O.
5 ei s5
cOO o
'Control o  A-Control ■FullA “A- FulIB I
Microcosm Test
100
500
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.37 a 10.39 g 10.27 a 10.06 a
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
01/20/01 0(1X) 0(1X) 17.57 117.4 105.6 0(1X) 25.58 100.7 0(1X) 23.83
02/20/01 0(1X)* 0(1X)*
03/24/01 0(1X) 0(1X) 15.3 113.2 0(1X)* 0(1X) 7.68 0(1X)* 0(1X) 6.65
Lfi
00
CD
■ D
O
Q .
C
g
Q .
■D
CD Soil Test Data
c/)
c/)
8■D
CD
3.
3"
CD
CD■D
O
Q .
C
aO3
"O
O
CD
Q .
■D
CD
C/)
C/)
Sample Description: Bank of Las Vegas Wash beginning of deep canyon towards Magic Road about 540m from last point 
Collection Date; January 19,2001 ^
Sample ID; 
GPS (N.W):
Jan1901_S2 
36 05.50 114 57.96
fVlolsture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
72.48 92.29 87.41 24.6
Salinity Test *
Conductivity Salinity
umhos/cm mS/m %o
130 13 0.062
* Based on 10 g dried soil + 50gDI
Percfilorate Added; (mg/L) 
Acetate Added; (mg/L)
Microcosm Test
1
160
120
80
40
0
p e
o o
-Control o  A-Controi -Full A
Microcosm Test
100
500
Test Date
Carbon-Control A-Controi Incubated Sample No. 1 Incubated Sample No. 2
10.78 a 10.97 g 10.63 q 10.35 g
CIO,-
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
cio ,-
(mg/L)
NO,
(mg/L)
TOC
(mg/L)
c io ,-
(mg/L)
NO3-
(mg/L)
TOC
(mg/L)
01/20/01 0(1X) 0(1X) 18.00 108.5 112.3 0(1X) 32.21 120.8 0(1X) 35.96
02/20/01 0(1X) 0(1X)
03/24/01 0(1X) 0(1X) 13.93 104.8 0(1X) 0(1X) 7.46 0(1X) 0(1X) 8.43
so
CD
■ D
O
Q .
C
g
Q .
■O
CD Soil Test Data
c/)
c/)
8■D
3.
3"
CD
CD■D
O
Q .
C
aO3
"O
O
CD
Q .
■D
CD
C/)
C/)
Sample Description: Atxiut 550m from the last point bank of the Las Vegas wash by the flood zone area 
Collection Date; January 19, 2001
Sample ID: 
GPS (N,W):
Jan1901_S3 
36 05.64 114 57.64
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
75 95.31 92.08 15.9
Conductivity Salinity
umhos/cm mS/m %o
330 33 0.162
Based on 10 g dried soil + 50gDI
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
Microcosm Test
160
120
I  80
s
40 
a
e55 S
o
-Control O A-Contfol -Full A Full B
Microcosm Test
100
500
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.05 a 10.39 g 10.52 a 10.12 a
CIO,'
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
CIO,'
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,'
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
01/20/01 0(1X) 0(1X) 16.40 105.1 115.6 0(1X) 29.16 114.5 0(1X) 24.37
02/20/01 0(1X) 0(1X)
03/24/01 0(1X) 0(1X) 8.24 104.2 0(1X) 0(1X) 6.66 0(1X) 0(1X) 7.17
o\o
CD
■ D
O
Q .
C
g
Q .
■D
CD Soil Test Data
c/)
c/)
8■D
3.
3"
CD
CD■D
O
Q .
C
a
o3
T 3
O
(D
Q .
T 3
(D
(/)
(/)
Sample Description: By the red out crops of itie muddy creek formation
Collection Date: January 19, 2001
Sample ID: Jan1901_S4
GPS (N.W): 36 05.64 114 57.47
fl4o)sture Test
Blank
(g)
Blank + Samole Moisture
wet dried %
80.5 100.91 97.25 17.9
Salinity Test *
Conductivity Salinity
umtios/cm mS/m
1500 150 0.782
* Based on 10 g dried soil -f 50 g Dl
deepest part of tfie wasti tfiick sediments layer
Microcosm Test
160
120
f  60
I  40
0.
es
ooo
-Control O A-Control -Full A - A - F ulIB
Microcosm Test
Perchlorate Added: (mg/L) 100
Acetate Added: (mg/L) 500
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.24 a 10.74 g 11.36 a 10.28 a
CIO,
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CIO,
(mg/L)
NOa
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
01/20/01 0.21 0(1X) 22.29 132.7 128.8 0(1X) 39.18 117.9 0(1X) 40.67
02/20/01 0(1X) 0(1X)
03/24/01 0(1X) 0(1X) 13.96 129.3 0(1X) 0(1X) 12.68 0(1X) 0(1X) 11.99
o\
CD
■ D
O
Q .
C
g
Q .
■D
CD
C /)
C /)
8■D
CD
3.
3"
CD
CD■D
O
Q .
C
aO3
"O
O
CD
Q .
■D
CD
C/)
C/)
Soil Test Data
Sample Description: Before the flood control structure at lake Las V ^ as
Collection Date; 
Sample ID;
GPS (N.W);
Feburary 09,2001 
Feb0901_S1 
36 05.67 114 56.98
Moisture Test
Blank
(g)
Blank + Samole Moisture
wet dried %
76.03 96.09 91.26 24.1
Salinity Test *
Conductivity Salinity
umhos/cm mS/m %0
200 20 0.097
* Based on 10 g dried soil + 50gDI
Perchlorate Added; (mg/L) 
Acetate Added; (mg/L)
Microcosm T est
160
120 
I  80
I  40 
o.
SQ
o o
- Control O A-Control ' •Full A Full B
Microcosm Test
100
500
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
12.79 a 10.69 g 10.83 Q 9.91 a
CK%
(mg/L)
NOa’
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CIO,
(mg/L)
NO3
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
NOa’
(mg/L)
TOC
(mg/L)
02/10/01 0(1X) 0(1X) 15.06 103.8 109.0 0(1X) 17.41 107.4 0(1X) 16.44
03/24/01 0(1X) 0(1X) 14.33 100.4 0(1X) 0(1X) 9.46 0(1X) 0(1X) 9.00
8
CD
■ D
O
Q .
C
g
Q .
■D
CD Soil Test Data
c/)
c/)
8■D
CD
3.
3"
CD
CD■D
O
Q .
C
a
o3
T 3
O
(D
Q .
T 3
(D
(/)
(/)
Sample Description: 
Collection Date: 
Sample ID:
GPS (N,W):
Sample of red clay of the muddy creek formation 
Feburary 09, 2001 
Feb0901_S2 
36 05.66 114 67.33
Moisture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
72.46 92.52 90.64 9.4
SalinitV Test *
Conductivity Salinity
umhos/cm mS/m %0
4100 410 2.258
Based on 10 g dried soil + 50gDI
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
Microcosm Test
160
I  ^
ee
o o o
■Control O A-Control ' •Full A - A - FulIB
Microcosm Test
100
500
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.67 Q 10.54 g 10.45 a 10.61 a
cio^-
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CK%
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CK%
(mg/L)
NOa
(mg/L)
TOC
(mg/L)
02/10/01 2.92 0.21 16.62 109.7 113.3 0.19 19.59 108.2 0.22 18.00
03/24/01 0(1X) 0(1X) 15.7 105.3 107.9 0(1X) 9.12 98.1 0(1X) 10.63
o\w
CD
■ D
OQ.
C
gQ.
■D
CD
C /)
C /)
8■D
Soil Test Data
oQ.
C
aO3
"O
o
CDQ.
■D
CD
C/)
C/)
Sample Description: 
Collection Date: 
Sample ID:
GPS (N.W):
Feburary 09,2001
Feb0901_S3
36 05,96 114 56.70
Moisture Test
C Û
O
Blank
(g)
Blank + Sample Moisture
wet dried %
3 74.99 94.64 91.66 15.2
CD
"n Salinity Test "
c
3. Conductivity Salinity
3 "
CD umhoa/cm mS/m %0
440 44 0.218
* Based on 10 g dried soil + 50gDI
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
Microcosm T est
1 60
120
6 0
4 0
Control O A-Control Full A FulIB
Microcosm Test
100
500
Test Date
Caiton-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.99 a 10.56 g 10.43 a 10.54 a
CK%-
(mg/L)
NOY
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CIO,
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
02/10/01 0(1X) 0(1X) 15.57 97.13 107.9 0(1X) 18.00 107.4 0(1X) 14.87
03/24/01 0(1X) 0(1X) 14.41 94.7 0(1X) 0(1X) 8.47 0(1X) 0(1X) 9.20
:x)
CD■o
OQ.C
gQ.
■o
CD
(/)
o '3
CD
8
3
OQ.C
ao3
■o
o
CDQ.
Oc
■o
CD
(/)W
o '3
Sample Description: 
Collection Date: 
Sample ID:
GPS (N,W):
Soil Test Data
Before Lake Las Vegas 600m from tfie last point 
Feburary 09, 2001
FebOQOI. 
36 06.10
_S4
114 56.34
Moisture Test
CO
3: Blank Blank Sample Moisture
g (g) wet dried %
3 80.49 101.78 95.75 28.3CD
m Sallnltv Test *
3- Conductivity Salinity
CD umhos/cm mS/m %0
3 100 10 0.047
Based on 10 g dried soil + 50gDI
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
i
I
Microcosm Test
160
120
80
40
0
ee
o o
- Control O  A-Control ■ ■Full A Full B
Microcosm Test
100
500
Test Date
CartKin-Ckmtrol A-Control Incubated Sample No. 1 Incubated Sample No. 2
9.58 a 10.27 g 11.04 a 11.48 g
CK%
(mg/L)
NO /
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
CIO/
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO/
(mg/L)
NOa'
(mg/L)
TOC
(mg/L)
02/10/01 0(1X) 0(1X) 14.37 98.42 112.9 0(1X) 18.84 92.1 0(1X) 21.29
03/24/01 0(1X) 0(1X) 14.10 93.01 0(1X) 0(1X) 9.55 0(1X) 0(1X) 10.84
ON
■D
O
Q.
C
g
Q.
■O
CD Soit Test Data
c/)
c/)
8■O
o
Q.
C
a
o3
T 3
O
(D
Q.
T 3
(D
(/)
C/)
Sample Description; 
Collection Date: 
Sample ID:
GPS (N.W):
Glose to Duck Creek a little before the water fall 
Feburary 23,2001 
Feb2301_S1 
36 05.64 115 00 04
Moisture Test
CQ
O
Blank
(0)
Blank + Sample Moisture
wet dried %
g
3 76.05 95.54 91.34 21.5
CD
■n Salinity Test *
c
3 . Conductivity Salinity
3"
CD umhos/cm mS/m •Ao
75 7.5 0.034
* Based on 10 g dried soil + 50gDI
Perchlorate Added; (mg/L)
Acetate Added: (mg/L)
Microcosm Test
160
120
a
I
sa
e
Oo
[—-■—Control O A Control —g — Full A —A — Full
Microcosm Test
100
500
Test Date
Carbon-Controi A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.39 a 10.50 g 10.76 a 10.17 a
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO,
(mg/L)
CIO,-
(mg/L)
NO,-
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
NO3-
(mg/L)
TOC
(mg/L)
02/24/01 0(1X) . 0(1X) 9.47 92.1 95.2 0(1X) 24.33 85.8 0(1X) 28.53
03/24/01 0(1X) 0(1X) 8.80 90.7 0(1X) 0(1X) 10.67 0(1X) 0(1X) 11.17
o\
ON
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C /)
8■D
CD
3.
3 "
CD
CD■D
O
Q .
C
aO3
"O
O
CD
Q .
■D
CD
C/)
C/)
Soil Test Data
Sample Description; 
Collection Date: 
Sample ID:
GPS (N.W):
In the bank of the wash 400m downstream 
Feburary 23, 2001 
Feb2301_S2 
36 05.38 114 59.70
l\1olsture Test
Blank
(g)
Blank + Sample Moisture
wet dried %
72.48 93.2 88.36 23.4
Conductivity Salinity
umhos/cm mS/m %0
290 29 0.142
* Based on 10 g dried soil + 50 g Dl
Perchlorate Added: (mg/L)
Acetate Added: (mg/L)
Microcosm Test
160
120 
#  80
I
« 40a.
§e
o
- Control O A-Control Full A - Full B
Microcosm Test
100
500
Test Date
Carbon-Control A-Control Incubated Sample No. 1 Incubated Sample No. 2
10.10 a 10.84 g 10.04 a 10.56 a
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
CIO,
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
CIO,-
(mg/L)
NO/
(mg/L)
TOC
(mg/L)
02/24/01 0(1X) 0(1X) 11.05 91.1 87.7 0(1X) 27.58 89.4 0(1X) 24.66
03/24/01 0(1X) 0(1X) 9.88 89.6 0(1X) 0(1X) 11.42 0(1X) 0(1X) 9.30
On-4
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